Rearing juvenile Australian native percichthyid fish in fertilised earthen ponds by Ingram, Brett A.
REARING JUVENILE AUSTRALIAN
NATIVE PERCICHTHYID FISH IN
FERTILISED EARTHEN PONDS 
by
BRETT A. INGRAM
(Bsc (Hons))
Submitted in fulfilment of the requirements for the degree of
Doctor of Philosophy
School of Ecology and Environment
Deakin University 
Warrnambool
April 2001

iACKNOWLEDGMENTS
The Department of Natural Resources and Environment is gratefully acknowledged for
allowing this study to proceed and providing facilities and resources at the Marine and
Freshwater Resources Institute, Snobs Creek.
This thesis could not have been completed without the generous assistance and support of
the following people.  
Firstly, my supervisors Dr. Trevor Anderson (in the early years), Prof. Brad Mitchell and
especially Prof. Sena de Silva for their support and encouragement.  Geoff Gooley offered
helpful advice throughout the study.  Staff and students at Snobs Creek, in particular Ewan
McLean, Bruce Rae, Peter Grant, John Tossal, Andrew Pickworth, Peter Ryder, John
Douglas and Retna Utami, helped with sampling and data collation at various times during
the study.  Thanks are expressed to the following specialists who assisted with species
identifications: John Hawking (aquatic insects), Russ Shiel (zooplankton), Peter Cranston
and Daryl Neilson (chironomids), Hau Ling and Joan Powling (algae) and Adrian Pinder
(oligochaetes).  Patrick de Dekker provided information on ostracods.  Andrew Walker,
Steve Thurstan, Trevor Pontifex, Charlie Mifsud, and Phil Forster made available samples of
aquatic invertebrates from aquaculture ponds.  Anne Gason deserves special thanks for her
advice and assistance with data management and statistics.  John Hawking, Felicity Smith,
Russ Shiel, Fiona Gavine, Rasanthi Gunasekera, John Douglas, Maureen May and Prof. Sena
de Silva are thanked for providing constructive comments on various chapters. 
Finally, I am most grateful and deeply indebted to my partner, Felicity, my children, Kayla,
Nicolette and Lachlan, and close friends for their moral support and patience during this
endeavour. 
ii
ABSTRACT
The post-larvae and fry of Australian native species, including those of species belonging to
the family Percichthyidae, are routinely reared to a fingerling size (35-55 mm in length) in
fertilised earthen fry rearing ponds.  The juveniles of Murray cod (Maccullochella peelii
peelii), trout cod (Maccullochella macquariensis) and Macquarie perch (Macquaria
australasica) (Percichthyidae) are grown in fry rearing ponds at the Marine and Freshwater
Resources Institute, Snobs Creek (Vic. Australia) for production of fingerlings for stock
enhancement and aquaculture purposes.  However, no detailed studies have been undertaken
of the productivity of these ponds and factors that influence fish production.  An ecologically
based study was undertaken to increase the knowledge of pond ecology and dynamics,
particularly in relation to the rearing of juvenile Murray cod, trout cod and Macquarie perch
in ponds.  Over nine consecutive seasons commencing in 1991, water chemistry, plankton,
macrobenthos (2 seasons only) and fish were monitored and studied in five ponds located at
Snobs Creek.  A total of 80 pond fillings were undertaken during the study period.
Additional data collected from another 24 pond fillings undertaken at Snobs Creek collected
prior to this study were included in some analyses.  
Water chemistry parameters monitored in the ponds included, temperature, dissolved oxygen
pH, ammonia, nitrite, nitrate, orthophosphate and alkalinity.  Water chemistry varied
spatially (within and between ponds) and temporally (diurnally, daily and seasonally).
Liming of ponds increased the total alkalinity to levels that were considered to be suitable for
enhancing plankton communities and fish production.  Water quality within the ponds for the
most part was suitable for the rearing of juvenile Murray cod, trout cod and Macquarie
perch, as reflected in overall production (growth, survival and yield) from the ponds.
However, at times some parameters reached levels which may have stressed fish and reduced
growth and survival, in particular, low dissolved oxygen concentrations (minimum 1.18
mg/L), high temperatures (maximum 34oC), high pH (maximum 10.38) and high unionised
ammonia (maximum 0.58 mg/L). 
Species belonging to 37 phytoplankton, 45 zooplankton and 17 chironomid taxa were
identified from the ponds during the study.  In addition, an extensive checklist of aquatic
flora and fauna, recorded from aquaculture ponds in south-eastern Australia, was compiled.
However, plankton and benthos samples were usually numerically dominated by a few
species only.  Rotifers (especially Filinia, Brachionus, Polyarthra, and Asplanchna),
cladocerans (Moina and Daphnia) and copepods (Mesocyclops and Boeckella) were most
abundant and common in the plankton, while chironomids (Chironomus, Polypedilum, and
Procladius) and oligochaetes were most common and abundant in the benthos.  
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Both abundance and species composition of the plankton and macrobenthos varied spatially
(within and between ponds) and temporally (diurnally, daily and seasonally).  Chlorophyll a
concentrations, which ranged from 1.8 to 184 µg/L (mean 29.37 µg/L), initially peaked
within two weeks of filling and fertilising the ponds.  Zooplankton peaked in abundance 2-
4 weeks after filling the ponds.  The maximum zooplankton density recorded in the ponds
was 6,621 ind./L (mean 721 ind./L).  Typically, amongst the zooplankton, rotifers were first
to develop high densities (2nd–3rd week after filling), followed by cladocerans (2nd-4th
week after filling) then copepods (2nd-5th week after filling).  Chironomid abundance on
average peaked later (during the 5th week after filling).  The maximum chironomid density
recorded in the ponds was 27,470 ind./m2 (mean  4,379 ind./m2).  
Length-weight, age-weight and age-length relationships were determined for juvenile
Murray cod, trout cod and Macquarie perch reared in ponds.  These relationships were most
similar for Murray cod and trout cod, which are more closely related phylogenetically and
similar morphologically than Macquarie perch.  Growth of fish was negatively correlated
with both size at stocking and stocking biomass.  Stocking density experiments showed that,
at higher densities, growth of fish was significantly reduced, but survival was not affected. 
The diets of juvenile Murray cod trout cod and Macquarie perch reared in fry ponds were
similar.  The cladocerans Moina and Daphnia, adult calanoid and cyclopoid copepods and
the chironomids, Chironomus, Polypedilum and Procladius were the most commonly
occurring and abundant prey.  Selection for rotifers and copepod nauplii was strongly
negative for all three species of fish.  Size range of prey consumed was positively correlated
with fish size for trout cod and Macquarie perch, but not for Murray cod.  Diet composition
changed as the fish grew.  Early after stocking the fish into the ponds, Moina was generally
the more common prey consumed, while in latter weeks, copepods and chironomids became
more abundant and common in the diet.  On a dry weight basis, chironomid larvae were the
most important component in the diets of these fish species.  Selective feeding by fish on
larger planktonic species such as adult copepods and cladocerans, may have influenced the
plankton community structure as proposed by the trophic cascade or top –down hypothesis.  
The proximate composition and energy content of Murray cod, trout cod and Macquarie
perch, reared in the ponds did not vary significantly between the species, and few significant
changes were observed as the fish grew.  These results suggested that the nutrient
requirements of these species might not vary over the size range of fish examined.
Significant differences in the proximate composition of prey were observed between species,
size of species and time of season.  The energy content of prey (cladocerans, copepods and
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chironomids) on a pond basis, was closely related to the abundance of these taxa in the
ponds. 
Data collected from all pond fillings during the present study, along with historical data from
pond fillings undertaken prior to this study, were combined in a data matrix and analysed for
interactions between pairs of parameters.  In particular, interactions between selected water
chemistry parameters, zooplankton and chironomid abundance indicators were analysed to
identify key factors that influence fish production (growth, survival, condition and yield).
Significant correlations were detected between fish production indicators and several water
chemistry and biota (zooplankton and chironomids) parameters.  However, these were not
consistent across all three species of fish.  These results indicated that the interactions
between water chemistry, biota and fish were complex, and that combinations of these
parameters, along with other factors not included in the present study, may influence fish
production in these ponds. 
The present study, showed that more stringent monitoring of fry rearing ponds, especially
water quality, zooplankton and benthos communities and fish, combined with an associated
increase in understanding of the pond ecosystem, can lead to substantial improvements in
pond productivity and associated fish production.  In the present study this has resulted in a
general increase in fish survival rates, which became less variable or more predictable in
nature.  The value of such knowledge can provide managers with a more predicative capacity
to estimate production of ponds in support of stock enhancement programs and provision of
juvenile for aquaculture grow-out.  
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11 GENERAL INTRODUCTION
Production of fry and fingerlings for stock enhancement programs and for grow-out in
aquaculture operations relies to a large extent on the extensive rearing of these fish, stocked
as larvae and post-larvae, in fertilised earthen ponds during the first few months of their life.
This is a common and widespread practice employed for many species of fish farmed in both
Australia (Table 1.1) and around the world, including tilapias (Guerrero 1986), cyprinids
(Adamek and Sanh 1981; Morrison and Burtle 1989; Jana and Chakrabarti 1993; Feldlite and
Milstein 2000), walleye (Stizostedion vitreum) (Buttner 1989; Fox et al. 1989; Fox and
Flowers 1990; Harding and Summerfelt 1993; Qin et al. 1995), striped bass (Morone
saxatilis) (Geiger 1983a, 1983b; Geiger et al. 1985 Anderson 1993a), pike-perch (Sander
((syn. Stizostedion) lucioperca) (Verreth and Kleyn 1987; Hilge and Steffens 1996), small-
mouth bass (Micropterus dolomieu) (Langlois 1936), pike (Esox lucius) (Lanoiselee et al.
1986), paddlefish (Polyodon spathula) (Mims et al. 1991) and razorback sucker
(Xyrauchen texanus) (Papoulias and Minckley 1992).  In the present study larvae and
post-larvae refer to the stages of fish between hatching and metamorphosis, while fry and
fingerlings refer to the young-of-the year (age-0) fish, post-metamorphosis.  Extensive
rearing refers to production in earthen ponds in which naturally occurring aquatic organisms
are the sole source of food for fish.  Fertilisers are added to enhance productivity, but there is
no supplementary feeding.
The principal role of fry rearing ponds, also called nursery ponds, is to provide an
environment conducive to the growth and survival of fish stocked in them.  Consequently,
these ponds are often specifically designed for this purpose.  Under extensive pond culture
conditions, in which fish are stocked at low densities and there is no supplementary feeding,
ponds are constructed in such a way as to promote the production of high densities of
phytoplankton and zooplankton which serve as food for the fish reared in them.  Ponds may
be over various shapes and sizes, but typically have a large shallow section (0.5-1.0m deep)
since photosynthesis and phytoplankton production is limited by light penetration (Boyd
1990).  Descriptions of pond designs and construction are given in Huet (1986) and Rowland
(1986a, 1986b, 1986c).  Phytoplankton production is also limited by nutrient availability
(Boyd 1990).  Therefore, these ponds are fertilised with both organic and inorganic fertilisers
to encourage phytoplankton growth (Yamada 1986; Anderson and Tave 1993; Lin et al.
1997).  Fish are stocked at relatively low densities, often between 10 and 100 fish/m2 (Geiger
1983b; Geiger et al. 1985 Fox and Flowers 1990; Culver and Geddes 1993; Harding and
Summerfelt 1993).  Fish are stocked into ponds shortly after exogenous feeding has
commenced and when sufficient amount of plankton of a preferred composition and size
range is present in the ponds.  Apart from providing a food base for the fish, various water
2quality parameters in the ponds, such as temperature, dissolved oxygen, ammonia, pH, need
to be within ranges suitable for fish survival and growth (Boyd 1990).  
It is generally recognised that improved management of these ponds will provide for
enhancement in production by achieving higher survival rates and growth rates (Geiger
1983a; Anderson 1993c; Culver et al. 1993; Biro 1995).  However, managing fry rearing
ponds is complicated by the dynamic and complex nature of the pond community, which is
typically represented by a number of interconnected trophic levels including primary
producers, herbivores, carnivores and detritivores (Chang 1986) (see also Fig 1, Appendix I),
which are themselves influenced by chemical and physical processes.  Studies have shown
that the pond plankton communities undergo a succession of blooms and crashes (Geiger et
al. 1985; Culver 1988; Culver et al. 1993).  A generalised succession pattern of different
organisms during the development of a community in a fertilised fry rearing pond is
presented in Fig. 1.1.  Under ideal conditions, such as high water temperature, dissolved
oxygen and food supply, fish grow rapidly, but when food becomes limiting, growth slows
or ceases accordingly
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Fig. 1.1 Phases in the succession of different organisms in a fry rearing pond over time
(scales cannot be compared) (after  Divanach and Kentouri 1990 and Marcel
1990).
31.1 FRY REARING PONDS IN AUSTRALIA
In Australia, a small aquaculture industry has been established around the hatchery/nursery
production of juvenile fish in fry rearing ponds.  The juveniles of seven percichthyid species,
and those of other native species have been reared in fertilised earthen ponds at both private
and government fish hatcheries throughout Australia (Table 1.1).  The 1998/1999 hatchery
production estimates (not for sale to commercial farms) for native percichthyids was in
excess of 3.2 million fish (216,800 Murray cod, 62,000 eastern freshwater cod, 30,000 trout
cod, 46,000 Macquarie perch, 777,000 Australian bass and 2,096,000 golden perch)
(O'Sullivan and Dobson 2000).  Fingerlings are released into both private waters and public
waterways to enhance recreational fisheries (Rowland et al. 1983; Gooley 1992a), and into
public waterways to re-establish populations of threatened fish as part of conservation
recovery programs (Ingram et al. 1990).  Fingerlings, including Murray cod (Ingram and
Larkin 2000) and silver perch (Thurstan and Rowland 1995) are also transferred to
aquaculture operations for grow out.  
Table 1.1 Percichthyids and other Australian native fish species, which have been reared in
fertilised fry rearing ponds.
Species Source
Percichthyidae
Murray cod (Maccullochella peelii peelii) Rowland 1986c, 1986a; Thurstan 1992;
this study
Trout cod (Maccullochella macquariensis) Ingram and Rimmer 1992; Thurstan 1992;
Douglas et al. 1994, this study 
Eastern freshwater cod (Maccullochella ikei) Ingram et al. 1990; Field and Walker
1997
Mary River Cod (Maccullochella peelii mariensis) Wager and Jackson 1993
Golden perch (Macquaria ambigua) Green and Merrick 1980; Rowland et al.
1983; Rowland 1986c, 1986a; Thurstan
1992
Macquarie perch (Macquaria australasica) Ingram et al. 1990, This study
Australian bass (Macquaria novemaculeata) Battaglene et al. 1989
Other species
Silver perch (Bidyanus bidyanus) Rowland et al. 1983; Rowland 1986c,
1986a; Thurstan 1992
Barramundi (Lates calcarifer) Rimmer and Rutledge 1991; Rutledge and
Rimmer 1991; Barlow et al. 1993
Australian shortfin eel (Anguilla australis) Ingram et al. 2001
Sooty grunter (Hephaestus fuliginosus) MacKinnon 1986; Hogan 1990
Sleepy cod (Oxyeleotris lineolatus) MacKinnon 1986
4However, despite the widespread use of this method of production, little is known about the
ecological processes and dynamics of these ponds in Australia.  Probably the most studied
ponds have been those located at the Inland Fisheries Research Station (IFRS), Narrandera
(NSW).  Over one production season in particular, several studies investigated interactions
between plankton and the production of golden perch and silver perch (Arumugam and
Geddes 1986; Arumugam 1986b; Arumugam and Geddes 1987, 1988; Culver 1988; Culver
and Geddes 1993; Arumugam and Geddes 1996), and Rowland (1996) described the large-
scale rearing of golden perch larvae in ponds over four production seasons.  Both Arumugam
and Geddes (1987) and Rowland (1996) indicated that survival of golden perch larvae and
fry stocked into fertilised ponds was dependent on the availability of suitable quantities,
appropriate sizes and species of zooplankton at the time of stocking.  Arumugam (1986a)
discussed pond management options to improve production of golden perch fingerlings.
These included use of paddlewheels to prevent stratification, aerate water and improve water
circulation, changes to fertilisation regimes, eradication of predacious aquatic insects, initial
feeding of fish in the hatchery (on Artemia) prior to stocking, stocking of ponds to coincide
with Moina blooms, and stocking at rates of approximately 80 fish/m2.
Critical to the successful management of fry rearing ponds is an understanding of the
ecological dynamics occurring within the pond community.  In the first instance, to achieve
this, species occurring within the pond community require identification.  However, few
detailed species surveys and ecological studies have been undertaken in Australian
aquaculture ponds (Arumugam and Geddes 1987; Culver 1988; Culver and Geddes 1985)
and farm dams (eg. Timms 1970; Morton and Bayly 1977; Barlow and Bock 1981; Geddes
1986; Timms 1988).  Unfortunately, there are no reliable guides to the flora and fauna of
aquaculture ponds in Australia.  More generalised guides are available for aquatic fauna of
Australia freshwaters.  Williams (1980) gives an overview and provides useful keys to the
aquatic invertebrates and CSIRO (1991) provides detailed keys to Australian insects
including aquatic forms.  Hawking (1993) provides a bibliography of taxonomic works
pertaining to Australian aquatic fauna.  Currently, there is no guide to the Australian
freshwater algae, although Day et al. (1995) have produced a bibliographic checklist.  Many
species described in these texts may not live in aquaculture ponds, such as species from lotic
environs, or which have limited geographical distributions, or are otherwise rare in terms of
distribution and abundance.  Thus these texts have somewhat limited application to
aquaculturists.
51.2 PERCICHTHYID FISHES
The family Percichthyidae contains some 30 species found in marine, brackish and
freshwaters in tropical and temperate regions of the world (Nelson 1984).  In Australian
freshwaters the family is represented by seven species and one subspecies in two genera; the
cods (Maccullochella spp.), and the basses and perch (Macquaria spp.) (Harris and Rowland
1996).  
1.2.1 Murray cod 
The Murray cod, Maccullochella peelii peelii (Mitchell), is an endemic Murray-Darling
finfish that is highly valued for recreational, commercial and conservation purposes.  It is
sought after as a table fish and up until recently has supported a lucrative but otherwise
relatively small commercial fishery for many decades (Rowland 1989).  Murray cod is
undisputedly the largest freshwater fish in Australia with specimens up to 114 kg (1.8 m in
length) being recorded (Harris and Rowland 1996).  Murray cod are grouper-like in
appearance with a dark, mottled olive green to dark green body pattern.  The head has a
concave profile and the mouth is relatively large as is typical of predatory fish.  Their diet
includes molluscs, crustaceans, fish and other aquatic –semi-aquatic vertebrates (Harris and
Rowland 1996).  
Since the early 1970’s, techniques have been developed that enable the routine, relatively
large-scale hatchery production of Murray cod (Wyse 1973; Rowland 1983; Cadwallader
and Gooley 1985; Rowland 1986b, 1988).  State government and private fish hatcheries,
principally in NSW and Victoria, annually produce fish for stocking public and private
waterways for both recreational and conservation purposes (Gooley 1992a).  Since the
1970’s they have been widely stocked (as fingerlings) into rivers, farm dams and
impoundments, for conservation, stock enhancement and recreational purposes.  Some
waters outside their natural range have also been stocked (Harris and Rowland 1996).  More
recently there has been considerable industry interest (both producers and markets) in the
grow-out of Murray cod to satisfy a significant demand for human consumption (Ingram
2000).  
In most cases, broodfish are held in earthen ponds, which are typically stocked with both
males and females in roughly equal numbers.  Spawning occurs once each year in spring and
summer (September-December) and is apparently triggered by increasing daylength and
water temperatures (>18oC) (Harris and Rowland 1996).  The eggs (3.0-3.5 mm diameter) of
Murray cod, which are demersal and adhesive, are laid onto a hard surface.  Murray cod
spawn unassisted in ponds providing that suitable spawning structures are provided
6(Rowland 1983).  Spawnings, once detected, are harvested and the eggs are incubated in a
hatchery under controlled conditions.  At water temperatures of 20-22oC eggs commence
hatching 5-7 days after fertilisation and continue to hatch for 3 to 4 days (Rowland 1983;
Cadwallader and Gooley 1985; Rowland 1986b).  Newly hatched larvae (Fig. 1.2a) are 5-8
mm in length, and commence feeding about 10 days after hatching is completed (Rowland
1983; Cadwallader and Gooley 1985; Rowland 1986b).  In the hatchery the larvae are
initially fed on brine shrimp (Artemia), though in tank trials, Rowland (1992) showed that at
commencement of feeding Murray cod larvae consumed copepodites, copepods and
cladocerans, but rarely consumed rotifers.
After feeding has commenced post-larvae are stocked into fry rearing ponds, where they are
grown to a fingerling (Fig. 1.2b).  Despite the large scale extensive production of Murray
cod fingerlings, very little has been published on the factors that influence their growth and
survival in fry rearing ponds.  At the IFRS, ponds used for rearing Murray cod are filled and
fertilised 10-14 days before stocking at a recommended density fish 20 fish/m2 (Rowland
1986b).  Survival rates have been reported between approximately 60 and 90% (Rowland
1992; Thurstan 1992).  In two pond trials Rowland 1992, showed that Murray cod grew from
13.9 mm to 38.9 mm in 28 days (0.66 mm/day) and 13.1 mm to 31 mm in 32 days (0.56
mm/day).  Thurstan (1992) presented a regression equation for growth of Murray cod in
ponds at the IFRS (y = 11.2 + 0.69·x, where y = total length in mm and x = days).  
1.2.2 Trout cod
The trout cod, Maccullochella macquariensis (Cuvier) is a moderate to large sized grouper-
like fish (maximum: 685 mm, 16 kg) which is grey to blue-grey in colour with an overlaying
dark-grey to black dashed and spotted pattern (Harris and Rowland 1996).  The trout cod
was once widespread throughout the more southerly tributaries of the Murray-Darling River
system.  However, over the past half-century, its distribution and abundance have declined
dramatically and currently the only viable populations of trout cod that remain exist in the
Murray River below Yarrawonga Weir and the upper reaches of the Seven Creeks (Goulburn
River system) (Ingram et al. 1990; Douglas et al. 1994; Ingram and Douglas 1995).  The
reasons for the decline in trout cod abundance and distribution are not clear.  However, a
general degradation of the riverine environment caused by a number of contributing factors
including modifications to rivers for hydro-electric, flood mitigation and irrigation schemes,
increased pollution from domestic, agricultural and industrial sources, over-fishing, and
competition with introduced species, have been implicated (Cadwallader 1978; Ingram et al.
1990; Pollard et al. 1990).  Currently, the trout cod is listed as endangered in Australia
(ASFB 2000).  
7Fig. 1.2 Murray cod.  (a) newly hatched larvae (Total length = 8.5 mm). (b) fingerlings
harvested from a fry rearing pond (total length =  50 mm).
Fig. 1.3 Trout cod.  (a) newly hatched larvae (Total length = 8.9mm). (b) fingerlings
being harvested from a fry rearing pond (total length = 45 mm).
Fig. 1.4 Macquarie perch larvae at onset of exogenous feeding (Total length = 6.5 mm).
a b
a b
8Captive breeding programs have been established at two government hatcheries (Snobs
Creek and IFRS) with the aim of producing fingerlings for release into the wild to re-
establish populations.  Unlike the closely related Murray cod, trout cod will not spawn
unassisted in captivity.  Consequently, hormone-induced spawning techniques have been
developed (Ingram and Rimmer 1992; Douglas et al. 1994).  During the spawning season,
late September to late October when temperatures are between 14oC and 22oC, fish are
removed from holding ponds and hormones are injected into mature females to induce
ovulation.  Once ovulation has occurred, eggs are hand stripped from the female and
fertilised with milt stripped from males.  Trout cod eggs (2.5 - 3.6 mm in diameter)
commence hatching approximately five days after fertilisation and continue to hatch for up
to 10 days at around 20oC.  Larvae are approximately 7.3 mm in length at hatch (Fig. 1.3),
and commence feeding about 10 days after hatching is completed (Ingram and Rimmer
1992; Douglas et al. 1994).  
Growth and survival of trout cod in fry rearing ponds are not well known.  Ingram and
Rimmer (1992) stocked fertilised fry rearing ponds with juvenile trout cod over three
seasons.  The fry were stocked into the ponds at a size of between 9.0 and 18.5 mm total
length and at very low densities (0.44 – 4.27 fish/m2) into the ponds.  After 71-73 days
growth rates ranged from 0.64 to 0.80 mm/day and survival rates were 19.4-44.1%.  During
these stockings the diet of trout cod included cyclopoid and calanoid copepods, cladocerans
and chironomid larvae (Ingram and Rimmer 1992).  
1.2.3 Macquarie perch
Macquarie perch, Macquaria australasica Cuvier, are moderate-sized percoid fish
(maximum: 460 mm, 3.5 kg), which are almost black or dark silvery grey to light or off-
white silvery grey in colour (Harris and Rowland 1996).  Macquarie perch were once
widespread throughout the upper reaches of the southern tributaries of the Murray-Darling
River system.  However, their current distribution is fragmented and only small, discrete
populations remain (Ingram et al. 1990; Ingram et al. 2000).  The species status of
Macquarie perch is unresolved since populations found in six river systems in the south-
eastern Australian coastal drainage area (Cadwallader 1981), are suggested to be a separate
species to the Murray-Darling Macquarie perch (Dufty 1986).  Like trout cod, the reasons for
the decline in abundance and distribution of Macquarie perch are uncertain, but a general
degradation of riverine environments associated with a variety of contributing factors have
been implicated (Cadwallader 1978; Ingram et al. 1990; Pollard et al. 1990).  Currently the
Macquarie perch is listed as vulnerable in Australia (ASFB 2000).
9The spawning of Macquarie perch in the wild has been documented (Wharton 1968;
Cadwallader and Rogan 1977).  Induced spawning techniques have been developed for
Macquarie perch (Wharton 1973; Gooley 1986; Gooley and McDonald 1988; Ingram et al.
1994).  Macquarie perch captured from the wild during the spawning season are induced to
spawn using hormones.  Ovulated eggs are hand-stripped from females and fertilised with
milt stripped from males.  Hatching commences approximately five days after fertilisation
and continues for up to six days (at water temperatures of 18-20oC).  Newly hatched larvae
are approximately 4.5-6.5 mm in length (Fig. 1.4), and feeding commences on zooplankton
about 3-5 days after hatching is completed (Gooley 1986; Gooley and McDonald 1988;
Ingram et al. 1994).  In the mid-1980’s, captive breeding programs were established at
government fish hatcheries in NSW (IFRS) and Victoria (Snobs Creek) to produce and
release fingerlings of the Murray-Darling Macquarie perch into selected sites within its
former range (Ingram et al. 1990).  However, these programs have since ceased due to
difficulties associated with inducing spawning in both captive broodfish and mature fish in
spawning condition captured from the wild (Ingram et al. 2000).  
Growth and survival of juvenile Macquarie perch in ponds has not been described in detail.
Between August 1963 and June 1964, Wharton (1973) attempted to rear a small number of
juvenile Macquarie perch, stocked as either “eyed” eggs or small fish, in a fertilised 0.1 ha
earthen pond.  Between 7th January and 15th February fish grew from 25 mm to 50 mm (0.64
mm/day), and by 22nd May fish were 80 mm (0.41 mm/day).  Of 1,765 eggs and fish stocked,
68 were recovered only.  The diet of juvenile Macquarie perch has not been studied.
Cadwallader and Eden (1979) described the diet of Macquarie perch in the wild, but the
smallest fish in this study was 46 mm in length.
1.3 MARINE AND FRESHWATER RESOURCES INSTITUTE,
SNOBS CREEK
The Marine and Freshwater Resources Institute, Snobs Creek, (Fig. 2.1), is a government
owned research facility responsible for undertaking aquaculture research, inland fisheries
and associated ecological research, monitoring and assessment.  Aquaculture research
focuses on development of production techniques for native fish, including Murray cod,
trout, and Macquarie perch, for production of fingerlings for stock enhancement purposes,
and for growout.
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1.4 OBJECTIVES
In the absence of substantial studies of fry rearing pond in Australia, an ecologically-based
study was undertaken to increase the knowledge of their ecology and dynamics, particularly
in relation to the rearing of juvenile Murray cod, trout cod and Macquarie perch in ponds at
Snobs Creek.
The principal objectives of this study were to:
• Obtain a better understanding of the ecological processes occurring in fry rearing ponds
and how they influence the growth and survival of juvenile percichthyids reared in the
ponds.
• Monitor spatial and temporal variations in water chemistry.
• Identify the flora and fauna of aquaculture ponds with particular emphasis on fry rearing
ponds, and describe spatial and temporal fluctuations in the species composition and
abundance of the phytoplankton (abundance as Chlorophyll a only), zooplankton and
chironomid larvae.
• Investigate the growth and survival of the juvenile Murray cod, trout cod, and Macquarie
perch in fry-rearing ponds, and describe changes in the proximate chemical composition
of these fish during grow-out in fry rearing ponds.
• Describe the diet composition and prey selectivity of juvenile Murray cod, trout cod and
Macquarie perch reared in ponds, and to determine the proximate composition of key
prey taxa. 
• To explore the relationships between water chemistry, phytoplankton, zooplankton
chironomid larvae and fish within fry rearing ponds.  In particular, to identify
interactions that influence the growth and survival of juvenile Murray cod, trout cod and
Macquarie perch reared in the ponds. 
• To recommend management practices aimed to enhance the production of native fish
reared in ponds. 
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2 GENERAL MATERIALS AND METHODS
2.1 SITE DESCRIPTION
The present study was undertaken in five earthen fry rearing ponds located at the Marine and
Freshwater Resources Institute, Snobs Creek (henceforth referred to as Snob Creek), which
is situated on 57 ha of land approximately 130 km north east of Melbourne and five km west
of Eildon, Victoria (37o14'S; 145o55'E) (Fig. 2.1).  In the late 1980’s the Victorian
government constructed these ponds to produce fingerlings of native fish (percichthyids) for
stock enhancement purposes.  The source of water entering all ponds was diverted from
Snobs Creek, a relatively unproductive (low nutrient concentrations and low plankton
densities), cool, fast flowing mountain stream.  
2.2 OPERATION AND MANAGEMENT OF FRY REARING
PONDS
All ponds used during this study were specifically constructed for the rearing of juvenile
stages of native species, namely Murray cod, trout cod, Macquarie perch and golden perch.
The fish harvested from the ponds were released into the wild for recreational fishery
enhancement and fish conservation purposes (Gooley 1992a).  Operation and management of
these ponds were undertaken to attempt to maximise growth and survival of stocked fish.  
Ponds ranged in surface area and volume from 900 to 3,990 m2 and 670 to 2,990 m3,
respectively (Table 2.1).  Ponds 12, 13, 14 and 15 were more or less rectangular in shape
(Fig. 2.2 & Fig. 2.3), whereas Pond 16 was oval-shaped (Fig. 2.2 & Fig. 2.4).  Each pond
had a large shallow section covering approximately 3/4 - 2/3 of the pond surface area, and a
small deep section at one end.  The deep section of Pond 16 was in the middle of the pond.
The shallow section was approximately 0.5 – 1.0 m deep and sloped gradually towards the
deep section of the pond.  The sloping bottom aided draining during harvest.  The deep
section was 1.5 - 2.0 m in depth.  In the floor of the deep section was a concrete sump (Fig.
2.3 and Fig. 2.4) which was rectangular in cross-section and had a gradual slope towards the
outlet end.  
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Fig. 2.1 Map of the State of Victoria showing the location of Snobs Creek.
Table 2.1 Pond dimensions and volumes of ponds at Snobs Creek.
Pond No. Length
(m)
Width
(m)
Surface area
(m2)
Volume
(m3)
12 80 30 2,400 1,750
13 80 35 2,800 1,760
14 65 20 1,300 735
15 45 20 900 670
16 70 57 3,990 2,990
13
Fig. 2.2 Plan of fry rearing pond layout at Snobs Creek.
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Fig. 2.3 Plan of a rectangular fry pond (ponds 12, 13 14 and 15) at Snobs Creek.  (a) Top
view.  (b) Cross section along length of pond (A-A) and cross section across the
pond (B-B).  (c) water level control structure.
15
Fig. 2.4 Plan of oval-shaped fry pond (Pond 16) at Snobs Creek.  (a) Top view.  (b) Cross
section along length of pond (A-A) and cross section across the pond (B-B).  (c)
water level control structure.
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Fig. 2.5 Photo of pond 12 filled with water.
Fig. 2.6 Pond 13 partially drained.
Fig. 2.7 Concrete sump in deep section of pond 13 (photo taken during harvest
operation).
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Ponds were filled via a pipeline, which opened into the top end of the concrete sump.  A
second inlet, which opened into the shallow end of the pond, was used for flushing the pond
once filled with water.  Water exited the pond either through an overflow pipeline, which
passed through the pond wall at the full water level, or through the outline pipeline, which
exited the pond through the bottom end of the concrete sump.  Screens were fitted over the
outlet pipelines to prevent fish from escaping through the outlet pipe.  The screens, which
were constructed from stainless steel sheeting perforated with 5 mm diameter holes, were
overlayed with flywire mesh. 
Water level in each pond was controlled by a standpipe, which located on the outlet pipeline
outside the pond.  At full height excess water flowed out the top of the standpipe, while a
combination of valves and endcaps on the standpipe controlled draining of the pond during
harvest (Fig. 2.3c & Fig. 2.4c).
Prior to filling at the beginning of each season the ponds were dried.  Pond substrates were
rotary hoed to a depth of 100-120 mm and subsequently raked smooth with tyne harrows.
Due to the low alkalinity of the water source, ponds at Snobs Creek were limed to increase
total alkalinity above 20 mg/L.  Before filling agricultural ground limestone was applied to
the ponds at a rate of 500 - 2,000 kg/ha.  
After filling, ponds were initially fertilised with both ammonium sulphate (AS) and mono
ammonium phosphate (MAP) each at a rate of 10 - 30 kg·ha-1, and bales of lucerne hay at a
rate of 2 bales·ha-1.  While the ponds were filled with water subsequent applications of
agricultural ground limestone (1,000 – 2,000 kg·ha-1) and inorganic fertilisers (AS and MAP
each at 10-20 kg·ha-1) were added as required (based on regular monitoring of water
chemistry and plankton densities).
Fish were stocked into the ponds once zooplankton densities generally exceeded 500 ind./L,
and there was an abundance of cladocerans and/or copepods. 
Water chemistry, plankton densities and fish growth were monitored in each pond weekly
(see Section 2.3 for details).  In addition, ponds were flushed weekly by simultaneous
drawing water from the outlet pipe while adding water to the pond via a pipeline which
entered the pond from the shallow end.
Each pond was fitted with a mechanical aeration/water circulation device (paddlewheel or
propeller-aspirator-pump aerator) which assisted in maintaining dissolved oxygen
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concentrations and water movement to prevent stratification.  These devices were operated
(off a timer system) between 0300 and 0800 hours and 1300 and 1800 hours. 
Harvesting occurred when fish fry had exceeded a mean length of 35 mm.  On the day prior
to harvest the pond was drained down to the deep section.  On the morning of harvest, the
deep section was drained down to the concrete sump, which concentrated the fish in the
sump.  All fish were netted from the sump and transferred to the hatchery for counting.
Some ponds were re-filled during the season.  After harvesting these ponds were refilled
without drying and harrowing the substrate.  Liming and fertilisation were undertaken as
required. 
Each pond filling was assigned a Trial No.  A pond filling represents the period from the
time each pond was filled with water to the time when it was drained or harvested.
2.3 POND SAMPLING
Each season, ponds were used for rearing fish fry during late spring/early summer (when
first filled for the season) to late summer/early autumn (when last drained for the season).
During a season (designated by the year, eg. 1991/92) a pond may be filled and drained up to
three times.  In general, each pond was sampled weekly throughout the period that the ponds
were filled with water.  A list of parameters sampled from the ponds is presented in Table
2.2.  On the day of sampling, water chemistry parameters and plankton samples were
collected between 07:30 and 09:00 hours while samples of macrobenthos and fish were
collected between 07:30 and 12:00 hours.  In the first season (1991/92), each parameter was
collected from all ponds on the one day, whereas in the following seasons all parameters
were collected from the one pond on the same day.
Water samples used in water chemistry analysis, phytoplankton analysis and zooplankton
enumeration were collected from the ponds using an integrated tube sampler (Fig. 2.8),
similar in design to the device described by Graves and Morrow (1988).
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Table 2.2 List of parameters measured in ponds prior to and during the present study.
Rearing season
Historical data Study period
Parameter 88/
89
89/
90
90/
91
91/
92
92/
93
93/
94
94/
95
95/
96
96/
97
97/
98
98/
99
99/
00
00/
01
Water chemistry
Temperature X X X X X X X X X X X X X
Dissolved oxygen X X X X X X X X X X X X X
pH X X X X X X X X X X X X X
Total alkalinity X X X X X X X X X X X X X
Secchi disk visibility X X X X X X X X X X X
Ammonia Nitrogen X X X X X X X X X X
Nitrite Nitrogen X X X X X X X X X X
Nitrate Nitrogen X X X X X X X X X X
Orthophosphate X X X X X X X X X X
Fertilisation X X X X X X X X X X X X X
Phytoplankton
Chlorophyll a X X X
Zooplankton
Abundance X X X X X X X X X X
Composition X X X X X X X X X X
Biomass X X X X
Macrobenthos*
Abundance X X
Composition X X
Fish
Murray cod X X X X X X X X X X X X X
Trout cod X X X X X X X X X X X X X
Macquarie perch X X X X X X X X
Golden perch X X X
* Chironomids and oligochaetes only.
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Non-return valve
50 mm PVC pipe
Handle
40 cm
Pivot joint
Guard
Fig. 2.8 Integrated tube sampler used for collected water samples from ponds. 
Other techniques are available for sampling and routine monitoring of plankton, including
plankton nets, suction pumps and plankton traps (Schindler 1969; Bottrell et al. 1976;
Farquhar and Geiger 1984; Graves and Morrow 1988).  The most efficient plankton sampler
is one that catches the greatest number of individuals (Bottrell et al. 1976).  In comparative
studies, tube samplers have been found to collect zooplankton densities equal to or greater
than those from other sampling devices (Graves and Morrow 1988; DeVries and Stein 1991).
In addition, tube samplers collect a vertically integrated sample of water (almost the entire
water column), are effective for collecting water samples for chemical analysis from various
depths and locations within the pond, and provide qualitative and quantitative data on pond
zooplankton (Graves and Morrow 1988).
The tube sampler was constructed of a 2.0 m length of 50 mm UPVC pipe with a swing-
check (non-return) valve attached to one end. Attached to the non-return valve is a guard to
prevent the open end of the pipe from coming into contact with sediments on the pond
bottom.  An aluminium handle was attached to the top end of the pipe (at a pivot joint) which
facilitated sampling by allowing the pipe to be swung out over the water away from the
bank.  Water was sampled by swinging the pipe section of the tube sampler out over the
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water and, when the pipe is in a vertical position, letting it sink to the bottom under its own
weight.  Once the pipe had filled with water, it was withdrawn and its contents poured into a
bucket through the open end. 
Water chemistry and plankton density variations were expected within different parts of the
pond and therefore to obtain a more representative sample a series of samples were collected
from different sites around the pond and from the walkway of each pond.  For each pond 13
– 26 L (mean 21 L) of water were sampled, which composed of 1 – 3 L sub-samples of water
collected by the sampling device.  These were pooled into a 25 L bucket, which was
immediately returned to the laboratory for analysis.
2.3.1 Water chemistry
While ponds were filled with water, a range of water chemistry parameters were measured
(Table 2.3).  Water temperature, dissolved oxygen (DO), pH (meter readings and data logger
readings) and secchi disk depth were recorded in situ.  All other parameters were measured
in sub-samples of water collected with the integrated tube sampler described in above.
These sub-samples were analysed with either a Hach DR2000 or 4000 spectrophotometer
within two hours of collection.  Specific descriptions of methods used for each parameter are
described in Hach (1992).  Amounts of nutrients (fertilisers) added to the ponds were also
recorded.  Water samples were also occasionally collected from Snobs Creek, which was the
water source for the ponds.  
Nitrite was recorded as “nitrite as nitrogen” (NO2- · N) and nitrate as “nitrate as nitrogen”
(NO3- · N).  Ammonia was recorded as total ammonia as nitrogen (TAN) (NH3 · N +
NH4+ · N).  To calculate the fraction (f) of TAN which was unionised ammonia as nitrogen
(UIA) (NH3 · N), the following formula was applied (after Emerson et al. 1975):
f = 
( )








+
−


++ 110
1
2.273
92.272909018.0 pHT
where T = Water temperature (oC)
pH = pH
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Table 2.3 Summary of water chemistry parameters recorded from ponds.
Parameters Technique Method Frequency Comments
Temperature (oC) Min./max. mercury
thermometer
In situ Weekly
Meter In situ Weekly
Data logger In situ 30 minutes 3 ponds fillings
only
Dissolved oxygen
(DO) (O2) (mg/L)
Meter In situ Weekly
Data logger In situ 30 minutes 3 ponds fillings
only
pH Meter 
Spectrophotometer
In situ
laboratory
Weekly
Data logger In situ 30 minutes 3 ponds fillings
only
Nitrate (NO3- - N)
(mg/L)
Spectrophotometer laboratory Weekly Cadmium reduction
method
Nitrite (NO2- - N)
(mg/L) 
Spectrophotometer laboratory Weekly Diazotization
method
Ammonia (TAN)
(NH3 - N) (mg/L)
Spectrophotometer laboratory Weekly Nessler method
Orthophosphate
(PO43-) (mg/L)
Spectrophotometer laboratory Weekly Ascorbic acid
method
Total alkalinity
(CaCO3) (mg/L)
Titration laboratory Weekly Sulphuric acid
titration
Secchi disk
visibility (m)
Secchi disk In situ Weekly
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UIA was then determined by the formula:  
UIA = TAN x f
Total inorganic nitrogen (TIN) was determined by the formula: 
TIN = TAN + NO2- · N + NO3- · N
Secchi disk visibility was determined using methods described in Boyd (1990).
During the 1993/94 season, water temperature, pH and DO were measured in three ponds
(Ponds 13, 15 and 16) with a TPS data logger.  Meters were situated approximately 30 cm
above the pond bottom in the deep section of each pond.  Measurements were taken every 30
minutes for 6-13 days.  
2.3.2 Plankton
Phytoplankton
Phytoplankton concentration was determined by spectrophotometric measurement of
chlorophyll a, a principal photosynthetic pigment of algae which can be used as an indicator
of phytoplankton biomass (APHA 1992).  Chlorophyll a measurements were collected from
ponds over three consecutive seasons.  During the 1991/92 and 1992/93 seasons chlorophyll
a was extracted using methanol (Talling and Driver 1963).  From the collected bucket of
water three separate samples of 20-50 mL were filtered through a Whatman GF/C filter
paper.  Each filter paper was then placed in a centrifuge tube with 10 mL of 90% methanol
and capped.  The tubes were sealed and placed in a water bath at 68-70oC for 3-4 minutes.
After cooling the filter paper was removed from the tube with a pair of forceps and squeezed
to return excess methanol to the centrifuge tube.  If necessary, additional 90% methanol was
added to give a total volume of 10.0 mL in the tube.  The tubes were then centrifuged at
3,500 rpm for 5 minutes.
After centrifugation the solution was decanted into a low volume (5 cm pathlength) cuvette
and absorbence at A665 and A750 and were measured on a Varian Series 634
spectrophotometer.  Chlorophyll a was then calculated using the following equation (Talling
and Driver 1963):
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Chlorophyll a = 
( )
s
l
vAA 7506659.13 −⋅
  µg/L
Where A665 = Absorption at 665 nm
A750 = Absorption at 750 nm
v = volume of methanol in mL (i.e. 10.0 mL)
l = pathlength of cuvette in cm (i.e. 5 cm)
s = volume of water filtered in mL
Due to health risks associated with the use of methanol, this method was replaced with an
ethanol extraction technique (ISO International Standard Draft 10260 (1991) in the 1993/94
season.  Changes to the above method were as follows.  The 90% methanol was replaced
with 90% ethanol, and the tubes containing filter papers were placed in a water bath at 75oC
for 5 minutes.  Absorbence (at A665 and A750) was measured on either a Varian Series 634
spectrophotometer or Hach 4000 spectrophotometer.  Chlorophyll a concentration was then
calculated using the following equation:
Chlorophyll a = 
( )
ls
v
Kc
AA
×
×
− 750665   µg/L
Where A665 = Absorption at 665 nm
A750 = Absorpyion at 750 nm
Kc = 82 cm.L/µg, the specific operational spectral absorption coefficient 
for chlorophyll a 
v = volume of ethanol in mL (i.e. 10.0 mL)
l = pathlength of cuvette in cm (i.e. 5 cm)
s = volume of water filtered (mL)
Although algal densities and species composition were not determined in the ponds during
the study, an algal species list for the ponds was compiled using keys and illustrations in
Prescott (1978), Ling and Tyler (1986), Entwisle (1994) and Patterson and Hedley (1992)
(see Ingram et al. 1997, Appendix I).
Zooplankton
After removing water samples for water chemistry analysis and chlorophyll a estimation
from the bucket collected from the pond, the remaining water was filtered through a 75 µm
Endecott test sieve to concentrate the zooplankton.  The plankton collected on the screen of
the sieve was washed into a 1,000 mL measuring cylinder, which was then filled with
freshwater up to the 1,000 mL mark.  The water, including the plankton, was decanted from
the measuring cylinder into a 1,000 mL beaker.  From this beaker 10 mL sub-samples were
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removed and examined for zooplankton.  Immediately prior to taking each sub-sample, the
water in the beaker was stirred to ensure that plankton was evenly distributed throughout the
water in the beaker. 
During 1991/92, three sub-samples were always counted for each pond sample.  In later
seasons a minimum of 2 sub-samples were counted.  If, after these two counts 100 individual
zooplankton taxa were not counted, then additional sub-samples were counted.  
Each 10 mL sub-sample was poured into a 10 mL sorting tray.  All zooplankton taxa present
in the tray were counted and identified and the number of zooplankton taxa per litre of pond
water was calculated using the following formula:
Zooplankton density = 
d
c
ba 


×
  ind./L
Where a = number of zooplankton taxa counted per 10 mL sub-sample
b = concentrated sample volume (mL) (i.e. 1,000 mL)
c = sub-sample volume (mL) (i.e. 10 mL)
d = pooled pond sample volume (L).
Between the 1991/92 season and the 1994/95 season, plankton dry weight (biomass) was
estimated for all zooplankton samples.  Following determination of zooplankton densities
and species composition, zooplankton was reconcentrated through a 75 µm Endecott test
sieve and placed in a pre-weighed porcelain or glass dish.  Prior to use, each dish was
washed, dried in an oven at 60oC then allowed to cool in a desiccator before being weighed
to the nearest 0.01 mg.  Before drying each sample, excess debris, such as plant material,
was removed.  The sample and dish were then dried to a constant weight in an oven at 60oC
(1-2 days).  Total biomass (expressed as mg/L) was determined using the following formula:
Total biomass = 
(l) pond from sampled water of Volume
(mg)n  zooplankto of Dry weight
  mg/L
Dry weight of individual aquatic invertebrate taxa was determined from either length-dry-
weight relationships or mean dry weights described in the literature (Dumont et al. 1975;
Bottrell et al. 1976; Ruttner-Kolisko 1977; Mackarewicz and Likens 1979; Smock 1980;
Meyer 1989; Kobayashi et al. 1996).
Zooplankton species were identified using keys provided in Williams (1980), Hawking
(1994) and Ingram et al. (1997) (see Appendix I).  In general, monogonont rotifers and
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cladocerans (Branchiopoda) were identified to genus, whereas copepods were separated into
adults and larvae (nauplii and copepodites), and the adults were identified to order.  
2.3.3 Macrobenthos
During the 1992/93 and 1993/94 seasons ponds were sampled to collect benthic
macroinvertebrates (macrobenthos) from the pond bottoms, specifically chironomid larvae
and oligochaetes.  With the aid of a boat, four samples of substrate were collected from each
pond weekly.  APHA (1992) recommended that at least three replicate samples should be
taken per station to describe the macrobenthos community.  These samples were taken from
randomly selected sites within each pond.  Samples were collected with a coring device,
which was constructed of PVC and aluminium tubing (Fig. 2.9).  This device removed from
the pond substrate a core of mud 4.5 cm in diameter and 7.0 cm in length.  Prior to collecting
a sample, the ball valve attached to the side of the corer tube was opened and the plunger
was extended.  The corer tube was then pushed into pond substrate.  The guard surrounding
the corer tube controlled the depth of penetration into the substrate.  The ball valve was then
closed and the coring device rocked from side to side to free it and sample from the
substrate.  The plunger was then pushed down to remove the core of mud from the corer
tube. 
The plug of bottom sediment collected by the device was then placed into a 350 mL sample
bottle.  Upon returning to the laboratory organic matter and macrobenthos were separated by
suspending each core sample in water and repeatedly decanting the supernatant into a
250 µm Endecott test sieve.  The sample retained by the sieve was then preserved in 5%
buffered formalin for later sorting.  Although this technique is reported to separate the
majority of benthic macroinvertebrates from sediment samples (Kajak and Warda 1968;
Maitland and Hudspith 1974), the remaining sediment, which was mainly heavy inorganic
material, was occasionally checked to ensure that all animals had been decanted off.
The preserved samples were sorted in a 50 mL sorting tray and examined under a dissecting
microscope at 80X magnification.  All macroinvertebrate taxa were recorded and identified
to the lowest possible taxonomic level using keys in Williams (1980), Hawking (1994) and
Ingram et al. (1997) (see Appendix I).  Chironomid larvae were counted and, where possible,
the total length and head capsule length were measured before each larva was mounted in
polyvinyl alcohol (Cranston 1994).  Mounted larvae were identified to genus (and species
where possible) using keys provided in Cranston (1994) and Cranston (1997), and the
mandible length measured with an eyepiece micrometer.  Mandible length and head length
measurements were used to determine larval instar.
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Fig. 2.9 Benthos sampling device.  (a) full apparatus, (b) cross sectional schematic of
corer tube section of device.
All oligochaetes were counted but not identified.  However, some specimens were mounted
in polyvinyl alcohol and identified using keys provided by Pinder and Brinkhurst (1994).
2.3.4 Flora and fauna species checklist
Throughout the study, a species checklist was compiled by recording all species collected in
both plankton samples and sediment samples, as well as ad hoc sampling by hand, plankton
net (Fig. 2.10a) and bottom sledge (Fig. 2.10c).  This species checklist was supplemented by
additional samples collected from aquaculture ponds at the Inland Fisheries Research Station
(IFRS) (Narrandera), the Grafton Research Centre (Grafton), Bingera Murray Cod Hatchery
(Bingera), and published species lists from aquaculture ponds and farm dams in south
eastern Australia (Appendix I).  Keys and references provided in Williams (1980), Hawking
(1994) and Ingram et al. (1997) (Appendix I) were used to identify species.
Plugger
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2.4 FISH
Fish species
Throughout the study, four species of juvenile percichthyid fish were stocked into the ponds.
These were Murray cod, trout cod, Macquarie perch and golden perch.  No experimentation
(ie. growth and survival, diet analysis etc.) was undertaken with golden perch as similar
studies with this species have already been undertaken (Arumugam 1986b; Arumugam and
Geddes 1987; Barlow et al. 1987; Arumugam and Geddes 1988, 1992; Culver and Geddes
1993; Arumugam and Geddes 1996; Rowland 1996).  However, routine data collected from
ponds stocked with golden perch (water chemistry, plankton composition and abundance
etc.) were included in some results.
Fish stocking
The number and size of fish stocked into the ponds during the study were more or less
dictated by the success of efforts to spawn a limited number of broodfish, and pond
availability.  At no time were different species of fish stocked together in the one pond.
Fish were stocked into the ponds once zooplankton densities generally exceeded 500 ind./L
and there was an abundance of cladocerans and/or copepods.  Estimation of number of fish
stocked was determined by counting all larvae at hatching electronically with a Jensorter fish
larval counter (Ingram et al. 1996), followed by deduction of mortalities (hand-counted)
recorded until the day of stocking.  Stocking density represented the number of fish stocked
per m2.  Stocking biomass (g/m2) was determined using estimated fish weights calculated by
length-weight regression for each species (see Chapter 7).
For any one pond stocking, the age of fish at the time of stocking varied because the eggs of
Murray cod, trout cod and Macquarie perch hatch over several days (Lake 1967; Ingram and
Rimmer 1992; Ingram et al. 1994), and usually fish from more than one spawning
contributed to each pond stocking.  However, the median age was used as an estimate for the
age of fish stocked into each pond.
Fish sampling
Before stocking and after harvesting, the total length and weight (at harvest only) of a sub-
sample of 20-30 fish were determined for each pond.  While fish were in the ponds, up to 20
fish were sampled from each pond every week.  Fish were collected from the ponds using a
combination of following sampling devices including a plankton net, pipe traps, bottom
sledge and mesh bait traps. 
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The plankton net was constructed from 0.5 mm nylon plankton mesh sown onto a 40 cm
diameter metal hoop (Fig. 2.10a).  The net was pulled across the width of the pond to catch
fish.  However, this method was only suitable for collection of small fish that were in the
water column.
Pipe traps were constructed by tying together in a triangular prism six lengths of 50 mm
diameter PVC pipe that were 25-30 mm in length.  A piece of fly mesh was used to close one
end of the trap while a cord was attached to the other end (Fig. 2.10b).  This design allowed
fish to move in and out of the trap at will.  Fish were caught in this trap by quickly pulling it
to the surface.  Up to 10 pipe traps were placed into the pond the day before sampling.  
The bottom sledge was constructed from 2 mm square stainless steel mesh formed into a
pyramid shape which was attached to a metal frame mounted on runners (Fig. 2.10c).  The
sledge was quickly pulled across the narrow width of the pond to capture fish.
Mesh bait traps were constructed of 5 mm square polyurethane mesh sown into a cylinder
(Fig. 2.10d).  Into each end of the cylinder were stitched truncated cones through which the
fish could enter but not leave.  Up to five mesh bait traps were placed into the pond on the
day before sampling.
An investigation of the effect of sampling technique on fish weight and length was
undertaken during this study.  These results indicated that the least effective sampling
technique was the sledge, which generally caught fewer and smaller fish, especially for
Macquarie perch, than did other techniques (Fig. 2.11).  Pipe traps were particularly effective
in catching small Murray cod and trout cod, but Macquarie perch were rarely caught in this
trap.  The plankton net was effective in catching small Macquarie perch and golden perch
only.  Consequently, all sampling methods were employed throughout the study to avoid
sampling bias.
Fish examination and measurement 
Upon capture fish were immediately returned to the laboratory for examination.  Each fish
was lightly anaesthetised in 15-25 mg/L Marinal (Syndel, Canada) and total length to the
nearest 0.1 mm was measured with either a dissecting microscope fitted with a calibrated
eyepiece micrometer (fish less than 10 mm in length) or vernier callipers.  Some fish were
also weighed to the nearest 0.001g using electronic scales.  These fish were placed on
blotting paper to remove excess water prior to weighing.  Some fish were also examined for
diseases and parasites using techniques described in Rowland and Ingram (1991). 
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Depending on the intensity and severity of parasite infestations, ponds were treated with
malachite green (0.04 mg/L). 
For fish dietary analysis, five fish from each sampling period for each species over three
consecutive years (Macquarie perch:  Trial No’s 29, 51 and 75;  trout cod:  Trial No’s 30, 46,
and 73;  Murray cod: Trial No’s 25, 44 and 70) were killed in an overdose of anaesthetic and
preserved in 5% buffered formalin.  These fish were later dissected for analysis of gut
contents.  The remaining fish, after recovery from the anaesthetic, were returned to the pond.  
Fish harvesting
After harvesting all fish were returned to the hatchery where the number of fish was
estimated by either hand counting or electronic counting (TPS Fish Counter) (Ingram et al.
1996).  After harvesting survival, growth, fish condition and yield were determined for each
pond filling.  
Fish growth was determined using several methods.  Specific growth rates (SGR’s), which
were expressed as the percentage increase in body weight per day (%/day) were determined
by using the following formula:
SGR Wt Wo
t
=
−
×
ln ln 100
where: t = Days between stocking and harvest
lnWo = natural logarithm of the mean estimated weight at stocking
lnWt = natural logarithm of the mean weight at harvest.
Growth in length was determined by applying the formula:
t
TLoLTt −
=(mm/day)Growth 
where: t = Days between stocking and harvest
TLo = Mean total length at stocking
TLt = Mean total length at harvest..
Condition of fish was determined by the formula:
Condition = Weight (g) /Total length (mm)3 x 10,000
Yield at harvest was presented as biomass yield (kg/ha) and fish yield (fish/m2).
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Fig. 2.10 Pond sampling apparatus.  (a) plankton net, (b) Pipe trap, (c) Sledge and (d)
mesh bait trap.
(a) (b)
(c)
Fig. 2.11 Differences in weight of fish (+ s.e.) captured using three different methods.
(a) Macquarie perch.  (b) Murray cod.  (c) trout cod.
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3 GENERAL RESULTS
Between 1988 and 2001, a total of 104 pond fillings (trials) were undertaken at Snobs Creek.
This includes historical data from 24 pond fillings completed prior to commencing this study
in 1991.  A summary of details of all pond fillings is presented in Table 3.1 and Table 3.2.
Duration of pond fillings ranged from 21-107 (mean 57 days).  The earliest and latest pond
fillings occurred on 26th October and 13th March, respectively.  Earliest and latest harvests
were 16th December and 8th June, respectively.  In most cases (64 pond fillings), ponds
were filled and stocked once per season.  However on some occasions (34 pond fillings),
ponds were refilled after harvesting and stocked a second time during the season, and some
ponds (6 pond fillings) were refilled and stocked a third time in the one season.
Trout cod were always the first species to be stocked into the ponds each season, followed by
Murray cod and finally Macquarie perch.  Initial stockings of trout cod occurred between
11th November and 1st December.  Murray cod were stocked into ponds 0 to 39 days (mean
15 days) after trout cod each season, while Macquarie perch were stocked 17 to 46 days
(mean 25 days) after trout cod each season.  
Ponds were stocked with fish between four and 39 days (mean 16 days) after filling, and
harvested 15 to 87 days (mean 40 days) later.  At stocking, fish were 11.0 to 56.0 mm (mean
16.6 mm) in length and 0.01 to 1.88 g (mean 0.104 g) in weight.  Most fish (92 pond fillings)
were stocked as post-larvae (<25 mm in length).  None ponds were stocked with fingerlings
(> 25 mm in length).  Stocking densities ranged from 1.6 to 57.8 fish/m2 (mean 16 fish/m2)
and stocking biomass ranged from 0.07 to 19.0 g/m2 (mean 1.09 g/m2).  At harvest fish were
29.6 to 82.5 mm (mean 44.1 mm) in length and 0.41 to 2.64 g (mean 1.11 g) in weight.
Survival rates, which ranged from 0.2 to 99.8% (mean 74.1%), were slightly higher for
Murray cod (mean 77.0%) and trout cod (mean 75.4%) than for Macquarie perch (63.8%).
Growth of fish ranged from 0.19 to 1.07 mm/day (mean 0.69 mm/day), and SGR’s ranged
from 0.59 to 13.4 %/day (mean 7.68 %/day).  Condition of fish ranged from 0.07 to 0.175
(mean 0.117).  Between 0.7 and 342 kg/ha (mean 107.8 kg/ha) and between 0.09 and 39.7
fish/m2 (mean 11.5 fish/m2) were harvested from the ponds.  A total of 17 ponds were treated
with malachite green to control infestations by external parasites (Trichodina and
Ichthyophthirius).
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Table 3.1 Summary of all fry pond fillings (trials) undertaken at Snobs Creek over 13
seasons (1988/89 to 2000/01).
Details Total
No. Seasons 13
Total no. pond fillings 104
Ponds stocked with fish 101
Ponds filled but not stocked with fish 3
Ponds stocked with Murray cod 51
Ponds stocked with trout cod 23
Ponds stocked with golden perch 9
Ponds stocked with Macquarie perch 18
Ponds stocked with post-larvae (< 25 mm) 92
Ponds stocked with fingerlings (>25 mm) 9
Ponds filled once per season 64
Ponds filled a second time per season 34
Ponds filled a third time per season 6
Ponds treated with malachite green 17
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Table 3.2 Summary of stocking and harvest details for fry rearing ponds at Snobs Creek
over 13 seasons (1988/89 to 2000/01).
Details Murray cod Trout cod Macquarie
perch
TOTAL
Mean
Days between filling pond & stocking 4 – 39
(16)
8 – 29
(15)
8 – 23
(14)
16
Days between filling & harvest 31 – 87
(55)
46 – 95
(59)
44 – 88
(57)
56
Days between stocking & harvest 15 – 57
(39)
31 – 87
(44)
32 – 54
(41)
40
Fish length at stocking (mm) 11.0 – 56.0
(15.9)
14.0 – 41.7
(18.9)
7.6 – 40.2
(15.8)
16.6
Estimated weight* at stocking (g) 0.02 – 1.88
(0.09)
0.04 – 0.77
(0.22)
0.01 – 0.87
(0.015)
0.104
No. fish stocked (fish/m2) 2.7 – 27.3
(15.4)
1.6 – 23.8
(13.9)
3.9 – 57.8
(20.7)
16.0
Biomass at stocking (g/m2) 0.12 – 19.0
(1.12)
0.27 – 3.89
(1.06)
0.07 – 7.35
(1.04)
1.09
Length at harvest (mm) 33.8 – 61.4
(44.4)
33.8 – 82.5
(43.7)
29.6 – 60.9
(43.9)
44.1
Weight at harvest (g) 0.44 – 2.22
(1.06)
0.41 – 5.8
(1.11)
0.45 – 2.64
(1.25)
1.11
Survival (%) at harvest 46.4 – 96.5
(77.0)
2.5 – 97.7
(75.4)
0.2 – 99.8
(63.8)
74.1
Growth (mm/day) 0.19 – 1.07
(0.74)
0.2 – 0.78
(0.60)
0.45 – 0.87
(0.67)
0.69
SGR (%/day) 0.59 – 11.6
(8.10)
1.19 – 7.95
(6.08)
2.83 – 13.4
(8.62)
7.68
Condition 0.07 – 0.146
(0.113)
0.083 – 0.142
(0.112)
0.12 – 0.175
(0.135)
0.117
Biomass yield (kg/ha) 13.1 – 240.3
(119.9)
4.0 – 158.2
(86.8)
0.7 – 342.0
(102.0)
107.8
Fish yield (fish/m2) 1.7 – 23.6
(12.0)
0.3 – 19.8
(10.7)
0.09 – 39.7
(11.3)
11.5
*  Estimated weight determined by regression (see Chapter 7)
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4 WATER CHEMISTRY
4.1 INTRODUCTION
Poor water quality, or changes in prevailing water chemistry influences the growth and
survival of juvenile fish in earthen ponds (Boyd 1990).  When conditions are less than
optimal fish may become stressed and stop feeding.  As a result, growth may be reduced,
susceptibility to diseases increased and, in extreme cases, death will occur.  Water quality
also influences phytoplankton and zooplankton production.
The rates of many biochemical processes within aquatic environments are regulated by
temperature (Culberson and Piedrahita 1996).  The optimal temperatures for growth of
juvenile Murray cod, trout cod and Macquarie perch are not known, though they may be
similar to other “warmwater” species such as centrarchids, which grow best at temperatures
between 25oC and 30oC (Brett 1979).  Outside the optimal range growth is reduced, and at
high and low temperature extremes fish may become stressed and even die.  Water
temperature also interacts with other important water quality parameters, in particular the
solubility of oxygen in water and the proportion of TAN which is in the toxic unionised form
(Emerson et al. 1975; Boyd 1990).
Dissolved oxygen (DO) is critical to the growth and survival of fish in fry rearing ponds.
Critical DO concentrations for Australian percichthyids are not known, however, like other
“warmwater” fish, mass mortalities may occur if DO concentrations fall below 3.0 mg/L
(Piper et al. 1982; Rowland 1986a).  Because photosynthesis produces large amounts of
DO, phytoplankton is a major source of DO in ponds during daylight hours  (Smith 1988).
But at night, the process of photosynthesis is reversed and phytoplankton consume DO and
release carbon dioxide.  DO is also derived from the air water interface and from
supplementary aeration by mechanical means (Boyd 1990).
Marked diurnal variations in pH, incorporating elevated levels of pH (>9) during daylight
hours, are a feature of fertilised ponds and occur as a result of high rates of photosynthesis
by phytoplankton (Boyd 1990).  High levels of pH are toxic to fish (Bergerhouse 1992,
1993), and increase the proportion of toxic unionised ammonia (Emerson et al. 1975;
Bergerhouse 1993).
Phytoplankton do not grow well in waters with low alkalinity concentrations as the
availability of carbon dioxide, phosphorus and other essential elements required for growth
are limited (Arce and Boyd 1975; Boyd 1990).  Total alkalinity concentrations of
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20 mg/L or greater are required for development of phytoplankton blooms in ponds (Boyd
1990).
Nutrients, especially phosphorus and nitrogen compounds, are widely used to improve
productivity in aquaculture ponds, and are routinely applied to fry rearing ponds to
encourage the development of plankton blooms (Geiger 1983a; Rowland 1986c; Yamada
1986; Boyd 1990; Anderson and Tave 1993; Lin et al. 1997).  Phosphorus is often
considered to be the main nutrient limiting phytoplankton growth in freshwaters (Boyd
1997) and is often correlated with primary productivity in freshwaters (Stirling 1999).
Phosphorus occurs in several forms including orthophosphate (PO43-) (reactive phosphorus)
which is the most available for phytoplankton growth (Stirling 1999).  Nitrogen
compounds, including unionised ammonia (UIA) (NH3), ammonium (NH4+), nitrate (NO3-)
and nitrite (NO2-), are important sources of nutrients for phytoplankton.  However, elevated
concentrations of UIA and nitrites are toxic to fish (Meade 1985; Lewis and Morris 1986;
Hargreaves 1998).
Secchi disks are used to assess water turbidity.  In aquaculture ponds plankton is often
primary source turbidity and thus secchi disk visibility can provide an index of
phytoplankton concentration in ponds (Almazan and Boyd 1978; Jamu et al. 1999).
Monitoring of pond water chemistry is therefore required to assess water quality and identify
potential deleterious changes that may jeopardise fish health and production.  This
information is essential to the effective management of ponds during a production cycle.
The aim of this study was to investigate dynamics (spatial and temporal patterns) of a range
of water chemistry parameters in fry rearing ponds at Snobs Creek.
4.2 MATERIALS AND METHODS
Methods for the collection and processing of water samples for the analysis of the various
water chemistry parameters measured, in particular temperature, DO, Nitrogen (as TAN,
NO2- · N, NO3- · N, UIA and TIN), PO43-, total alkalinity and secchi disk visibility, are
provided in Chapter 2.  Liming and pond fertilisation protocols are described in Chapter 2.
A description of sampling methodology for determination of spatial and temporal variations
in water chemistry parameters is provided in Chapter 2.
The effects of fertilisation events on nutrient concentrations (TIN and orthophosphate) was
monitored in four ponds (Trial No’s, 66, 68 79 and 75).  Prior to filling each pond was limed
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at a rate of 2,000 kg/ha, and on the day of filling each pond was fertilised with MAP at a rate
of 30 kg/ha and ammonium sulphate at a rate of 30 kg/ha.  Between the 7th and 11th day
after filling each pond received a second application of fertilisation (at the same rate as the
initial fertilisation event).  On the day of the second fertilisation event, and each day
thereafter for 7-11 days, nutrient concentrations (TIN and orthophosphate) were measured
according to methods described in Chapter 2.
Spatial variations in water chemistry were monitored in each of five pond fillings (Trials 42,
44, 68, 74 and 75).  Each pond sampled was nominally divided into three sections based on
water depth (“deep”, “middle” and “shallow”).  Water samples were collected from
randomly selected sites within each of these sections.
To compare differences in water chemistry between adjacent ponds, three ponds (Trials 44,
46 and 49), were simultaneously filled with water, fertilised on the same day at the same rate
and stocked with approximately equal numbers of cod on the same day.  On the 23rd and
24th days after filling samples of water were collected for analysis.
To identify diurnal fluctuations in water chemistry, water samples were collected from four
ponds (Trials 42, 44, 46, and 49) every 4 hours (08:00, 12:00, 16:00, 20:00, 00:00, and 04:00
hours) over a 20 hour period.
To determine daily fluctuations in water chemistry, samples were collected between 8:00 and
9:00 hours from four pond fillings over 6-12 consecutive days.  Trial No. 66 (Pond 12) was
sampled on days 11 to 16 after filling, Trial No. 68 (Pond 13) on days 8-14 after filling, Trial
No. 69 (Pond 13) on days 7-15 after filling, and Trial No. 75 (Pond 16) on days 7-18 after
filling.  The effects of fertilisation on water chemistry, specifically total inorganic nitrogen
(TIN) and orthophosphate, was determined in four ponds (Trial Nos, 66, 68 79 and 75).
Between the 7th and 11th day after filling, each pond received an application of MAP at 30
kg/ha and ammonium sulphate at 30 kg/ha.  Water samples were collected from each pond
for analysis every day from two days before the fertilisation event to 7-11 days after the
event.
In addition, diurnal and daily fluctuations in temperature, pH and dissolved oxygen were
measured using a TPS datalogger.  During the 1993/94 season, these parameters were
measured in three ponds (Trials 69, 76 and 200).  Meters were situated approximately 30 cm
above the pond bottom in the deep section of each pond.  Measurements were logged every
30 minutes for 6-13 days.
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Data collected during routine monitoring of the ponds throughout the study was also
summarised to describe fluctuations in water chemistry over weekly, monthly and seasonal
time periods.
4.3 RESULTS
Summaries of water chemistry parameters measured in ponds at Snobs Creek and the water
source for the ponds, Snobs Creek itself, are presented in Table 4.1.  In comparison to the
water source (Snobs Creek), water in the ponds developed, on average, 9oC higher
temperatures, 1.3 units higher levels of pH, 0.22 mg/L higher concentration of TAN (due to
the addition of fertilisers), and 36.8 mg/L higher concentrations of total alkalinity (due to the
addition of lime) (Table 4.1).
Water temperatures in rearing ponds ranged from 9.0-34.0oC (mean 22.5oC) (Table 4.1) (mid
November to early May) with highest temperatures being recorded in February.  More than
95% of measurements were between 20oC and 30oC.  Dissolved oxygen concentrations in
rearing ponds ranged from 1.18 mg/L to 18.20 mg/L (mean 8.08 mg/L) (Table 4.1).  Less
than 1% of recorded measurements were below 3.0 mg/L (Fig. 4.1a), which is the level at
which fish mortalities may be expected to occur.  Measurements of pH in rearing ponds
ranged from 5.60-10.38 (mean 7.91) (Table 4.1).  Approximately 25% of recorded
measurements of pH were 9.0 or greater, while 6.5% were 10.0 or greater (Fig. 4.1b).
Unionised ammonia (UIA) concentrations in ponds ranged 0 – 0.58 mg/L (mean 0.02 mg/L)
(Table 4.1).  Approximately 10% of readings were greater than 0.025 mg/L (levels above
this may be stressful or toxic to fish), while 7% were greater than 0.1 mg/L.  Secchi disk
visibility in ponds ranged from 0.12 m to >1.3 m (mean 0.63 m) (Table 4.1).  Approximately
50% of readings were between 0.3 m and 0.6 m.  On some occasions secchi disk visibility
exceeded the depth of the ponds.
Dosage rates of lime applied to the ponds to increase total alkalinity ranged from 500 – 2,000
kg/ha per application and between 0 and 6,000 kg/ha (mean 1,950 kg/ha) per pond filling.
Ponds filled for the 1st time in a season received more lime per filling than ponds filled either
a 2nd or 3rd time in any one season (Table 4.2).
Total alkalinity concentration was highly correlated with time (days after filling)
(Rho=0.4887, P=0.0001) (Fig. 4.2).  Following application of lime, total alkalinity increased,
exceeding 20 mg/L in up to 25 days after filling (mean 7.8 days after filling).  The mean
maximum concentration of 62 mg/L was generally reached some 40 days after filling.
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Table 4.1 Summary of water chemistry parameters measured in Snobs Creek and fry
ponds (all ponds combined) at Snobs Creek.
Parameter Water source
Snobs Creek Fry ponds (Ponds 12 – 16)
mean range s.e. mean range s.e.
Temperature (oC) 13.6 7.8-19.1 0.06 22.46 9.0 - 34.0 0.05
DO (mg/L) 8.01 5.34-12.50 0.21 8.08 1.18 – 18.20 0.05
pH 6.58 5.87-7.10 0.01 7.91 5.60 – 10.38 0.02
TAN (mg/L) 0.18 0.01-1.39 0.01 0.40 0.01 – 1.93 0.01
NO3-N (mg/L) 0.23 0 – 1.50 0.01
NO2-N (mg/L) 0.003 0 – 0.019 0.0002
UIA (mg/L) 0.02 0 – 0.58 0.003
TIN (mg/L) 0.64 0.01 – 2.88 0.02
PO43- (mg/L) 0.74 0-2.80 0.03
Total alkalinity (mg/L) 6.1 1.2-9.3 2.5 42.9 1.2 – 194.6 0.79
Secchi disk visibility (m) 0.63 0.12 - >1.3 0.01
(a) (b)
Fig. 4.1 Frequency (%) of (a) dissolved oxygen concentrations and (b) pH, recorded in fry
rearing ponds at Snobs Creek during the present study.
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Table 4.2 Summary of applications of lime and fertilisers (MAP and AS) to ponds at Snobs
Creek during the first, second and third fillings.
Application per pond filling (kg/ha)
(mean with range in brackets)
Filling per season
Lime MAP AS
1st 2,593
(2,000 – 6,000)
102
(30 – 210)
107
(30 – 210)
2nd 1,061
(0 – 2,000)
76
(0 – 120)
80
(0 – 180)
3rd 1,001
(0 – 2,000)
80
(60 – 120)
80
(60 – 120)
ALL Fillings 1,950
(0 – 6,000)
91.5
(0 – 210)
95.9
(0 – 210)
Fig. 4.2 Relationship between total alkalinity concentrations and time (days after filling) in
ponds at Snobs Creek.
41
After filling, ponds were initially fertilised with both ammonium sulphate (AS) and mono
ammonium phosphate (MAP) each at a rate of 20 kg/ha to encourage the growth of plankton.
Dosage rates for both AS and MAP ranged from 10 – 30 kg/ha per application, and 0 - 210
kg/ha (mean 91.5 kg/ha) and 0 – 210 kg/ha (mean 95.9 kg/ha) per pond filling for MAP and
AS, respectively.  Ponds filled for the 1st time in a season tended to receive more fertilisers
per filling than ponds filled either a 2nd or 3rd time (Table 4.2).
In ponds at Snobs Creek, approximately 63% of TIN was composed of TAN and
approximately 36% was NO3-N, while NO2-N made up less than 1%.  The proportion of
TAN which occurred as UIA (NH3) ranged from 0.01 to 84.6% (mean 6.4%).
4.3.1 Spatial variations
A summary of variations in water chemistry parameters measured at three horizontally
distributed sites in five different pond fillings (represented as Trial No’s) is presented in Fig.
4.3.  Temperature varied by less than 1oC (Trial No. 68) only.  Dissolved oxygen varied by
up to 0.6 mg/L (Trial 68), pH by up to 0.25 units (Trial 42) and total alkalinity by up to 7.6
mg/L (Trial 42).  Both TIN and orthophosphate showed the greatest variation with as much
as a 2-fold difference between sites.  TIN varied by as much as 0.41 mg/L (Trial 42), and
orthophosphate by 0.9 mg/L (Trial 44) (Fig. 4.3).  Secchi disk visibility did not differ
between sites.
Variations in water chemistry were observed between three ponds (Trial No’s 44, 46 and 49),
which were simultaneously filled and fertilised, and stocked with cod at similar densities on
the same day (Fig. 4.4).  During diurnal sampling of these ponds water temperatures were
higher in Trials 46 and 49 than Trial 44, and DO concentrations in Trials 46 and 49 followed
a similar patterns.  Total alkalinity concentrations in Trial 49 were slightly higher than in
other ponds whereas TIN concentrations were higher in Trial 44 than in other trials.  pH did
not appear to vary between ponds (Fig. 4.4).
4.3.2 Temporal variations
Diurnal fluctuations in water temperature, DO and pH were observed in three ponds (Trial
No’s 69, 76 and 200) in which these parameters were logged every 30 mins for 6-13 days
(Fig. 4.5).  Water temperature varied by 1.9 – 4.1oC over a 24 hour period.  Minimum
temperatures occurred between 08:00 and 13:00 hours (commonly between 09:00 and
10:00), while maximum temperatures occurred between 17:00 and 22:00 hours (commonly
42
(a) (b)
(c) (d)
(e) (f)
Fig. 4.3 Variations in water chemistry between three horizontally distributed sites (d =
deep section, m = middle section, s = shallow section) in five different pond
fillings (Trial No’s).  (a) Temperature (not recorded for Trials 42 and 44), (b)
Dissolved oxygen (not recorded for Trials 42 and 44), (c) pH, (d) total alkalinity,
(e) total inorganic nitrogen (TIN), and (f) Orthophosphate.
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(a) (b)
(c) (d)
(e) (f)
Fig. 4.4 Between pond variations and diurnal fluctuations in water chemistry parameters
in three ponds (Trials 44,46 and 49) filled and fertilised simultaneously and
sampled every four hours over a 20 hour period.  (a) temperature, (b) dissolved
oxygen, (c) pH, (d) total alkalinity, (e) total inorganic nitrogen, and (c)
orthophosphate.
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(a)
(b)
(c)
Fig. 4.5 Diurnal and daily fluctuations in temperature, pH and dissolved oxygen measured
every 30 mins in three pond fillings at Snobs Creek.  (a) Trial No. 69, (b) Trial
No. 76, and (c) Trial No. 200.
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between 18:30 and 19:30) (Fig. 4.5).  DO concentrations were at a minimum between 03:00
and 0830 hours (commonly 05:00 - and 06:00) in the morning, and a maximum between
14:30 and 19:30 hours (commonly between 17:00 and 18:00) in late afternoon (Fig. 4.5).
The difference between daily minimum and maximum concentrations ranged from 0.9 – 6.2
mg/L.  pH levels varied by 0.2 to 2.5 over a 24 hour period.  Minimum pH levels occurred
between 02:00 and 12:00 hours (mainly 06:00 and 08:30), whereas maximum levels
occurred between 12:00 and 21:30 hours (mainly 16:00 and 17:30) (Fig. 4.5).
Diurnal fluctuations in DO and pH were also observed in three ponds, in which samples
were collected and analysed every four hours over a 20 hour period (Fig. 4.4).  Changes of
up to 0.34 mg/L (mean 0.15 mg/L) TIN were observed between sampling times (Fig. 4.4).
With the exception of a 1.0 mg/L “spike” at 16:00 (Trial No. 49) orthophosphate
concentrations did not fluctuate any more than 0.19 mg/L (mean 0.06 mg/L) between
sampling times (Fig. 4.4).  Diurnal fluctuations were not apparent for total alkalinity (Fig.
4.4).
Mean daily water temperatures, pH levels and DO concentrations, sampled in three ponds by
data logger every 30 mins for 6 to 12 days, fluctuated by between 0.1oC and 2.7oC (mean
0.8oC), 0.01-0.81 (mean 0.26) and 0.06-1.09 mg/L (mean 0.53 mg/L) per day, respectively
(Fig. 4.5).  Four ponds were sampled for 6-12 days to monitor daily changes in other water
chemistry parameters (Fig. 4.6, Fig. 4.7).  With the exception of Trial 66, total alkalinity
generally increased by 0.4 - 3.5 mg/L (mean 1.9 mg/L) per day (Fig. 4.6a).  Change in
concentration was greatest for Trial 75 (mean 2.45 mg/L/day) and lowest for Trial 66 in
which concentrations decreased slightly (mean –0.06mg/L/day) over the sampling period.
Secchi disk visibility fluctuated by 0-0.19 m (mean 0.06 m) per day (Fig. 4.6b).
TIN and PO43- concentrations in the ponds responded rapidly and dramatically to the
addition of MAP and ammonium sulphate.  Concentrations increased by 0.57-1.04 mg/L
(mean 0.77 mg/L) and 0.45-0.78mg/L (mean 0.57 mg/L) for TIN and PO43-, respectively
within 48 hours of addition of fertilisers (Fig. 4.7).  But, 4 to 8 days later, concentrations had
declined to levels approaching those recorded prior to fertilisation.
Water chemistry parameters measured in all ponds at Snobs Creek fluctuated widely from
one week to the next and one pond to the next (weekly measurements from day of filling)
(Fig. 4.8).  With the exception of total alkalinity, which generally increased with time (Fig.
4.8d), no patterns of change in other measured parameters were evident.
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(a) (b)
Fig. 4.6 Daily fluctuations in (a) total alkalinity and (b) secchi disk visibility measured in
four ponds fillings (Trials 66, 68, 69 and 75) at Snobs Creek.
(a) (b)
Fig. 4.7 Effect of addition of fertilisers (MAP and AS) on concentrations of (a) TIN and (b)
orthophosphate in four ponds (Trials 66, 68, 69 and 75) at Snobs Creek.
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(a) (b)
(c) (d)
(e) (f)
Fig. 4.8 Weekly variations in water chemistry parameters (+ s.e.) recorded in five ponds
(Ponds 12, 13, 14, 15 and 16) at Snobs Creek from time of filling to harvest (all
seasons) (a) temperature, (b) dissolved oxygen, (c) pH, (d) total alkalinity, (e) total
inorganic nitrogen and (f) orthophosphate.
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Mean monthly variations were observed in a number of water chemistry parameters
measured in ponds at Snobs Creek (one season only) (Fig. 4.9).  In particular, water
temperatures generally increased to a maximum in February then declined thereafter (Fig.
4.9a), whereas the opposite trend was apparent for mean monthly DO concentrations which
were lowest during warmer months (Fig. 4.9b).  Mean monthly pH levels appeared to
increase from the beginning to the end of the season (Fig. 4.9c) and total alkalinity
concentrations were lowest in the first month (November) (Fig. 4.9d).  Mean monthly TIN
concentrations declined as the season progressed (Fig. 4.9e), whereas mean monthly
orthophosphate concentrations appeared to be higher in latter months (Fig. 4.9f).
Seasonal variations were observed in water temperature, dissolved oxygen and pH measured
in ponds at Snobs Creek during five consecutive seasons (for January only) (Fig. 4.10).
4.4 DISCUSSION
Water chemistry in ponds at Snobs Creek was considerably different to the source that
supplied the ponds, especially in respect to water temperature, total alkalinity and TAN.
Snobs Creek is a relatively pristine and unproductive mountain stream, which typically has
low temperatures and low nutrient loads.  Maintaining ponds in a static state (limited water
turnover) allowed the temperatures to increase, while increases in TAN and total alkalinity in
the ponds were due to the addition of fertilisers and lime.
Variations in water chemistry observed between sites within a pond during the present study
highlighted the importance of collecting samples from more than one site.  Boyd and
Williams (1981) showed that collecting more water samples from a single depth at different
sites reduced the variance in measured water quality parameters.  With the exception of data
collected by data loggers, routine water samples collected during this study were taken from
several sites within each pond to reduce error associated with spatial variation in water
chemistry.  In addition, using an integrated sampling method accounted for any variation
associated with depth while use of mechanical aerators within the ponds may have increased
mixing of the pond water body thereby reducing spatial variation.
Variations in water chemistry between ponds, which had been simultaneously filled and
fertilised and stocked with cod, were observed during the present study.  These results
confirm that adjacent ponds treated identically can develop different water chemistry
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(a) (b) (c)
(d) (e) (f)
Fig. 4.9 Mean monthly fluctuations (+ 95% confidence limits) in (a) temperature, (b)
dissolved oxygen, (c) pH, (d) total alkalinity, (e) TIN and (f) orthophosphate,
recorded from ponds at Snobs Creek (single season only).
(a) (b) (c)
Fig. 4.10 Seasonal fluctuations (+ 95% confidence limits) in (a) temperature, (b) dissolved
oxygen and (c) pH recorded from ponds at Snobs Creek during January only over
five seasons.
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features as observed in other pond studies (Wohlfarth and Moav 1968; Buck et al. 1970;
Boyd 1990).  These variations may occur, in part, as a result of different pond soil chemistry
and fertilisation history between ponds.  Wohlfarth and Moav (1968) suggested that random
variation in the organic development within the waters of individual ponds was a
contributing factor.
During this study, water temperatures ranged from 9.0-34.0oC (mean 22.46oC) (mid
November to early May), with lowest and highest temperatures commonly occurring
between 09:00 - 10:00 hours and 18:30 - 19:30 hours, respectively.  Highest temperatures
were recorded in February.  Optimal water temperatures for rearing of juvenile percichthyids
are not known.  However, juvenile trout cod, Murray cod and golden perch have been
successfully reared in ponds at the Inland Fisheries Research Station (IFRS) Narrandera,
where water temperatures in rearing ponds ranged from 15.5 – 26oC (Rowland 1986c;
Ingram and Rimmer 1992; Arumugam and Geddes 1996; Rowland 1996).
DO concentrations in ponds at Snobs Creek, which ranged from 1.2 mg/L to 18.2 mg/L,
exhibited diurnal fluctuations with lowest concentrations occurring during early morning.
Low DO concentrations in ponds will stress and kill fish (Piper et al. 1982; Rowland
1986a).  Murray cod, silver perch and golden perch larvae have survived in ponds in which
DO remained at 3.0 mg/L, but complete mortality occurred when DO fell below 1.5 mg/L
(Rowland 1986a).  Mechanical aeration devices are widely used in aquaculture to increase
and maintain DO concentrations in ponds (Lai-Fa and Boyd 1988; Rogers 1989).  Their use
in ponds at Snobs Creek was intended to supplement DO concentrations and consequently
they rarely fell below critical concentrations (ie. < 3.0 mg/L).
During the present study pH ranged from 5.6-10.38 (7.91), and showed substantial diurnal
fluctuations.  Minimum levels occurred in the early morning while maximum levels occurred
during late afternoon.  No critical upper pH limits are known for Australian native fish,
however, numerous studies have shown that high pH is potentially toxic to fish.
Bergerhouse (1993) identified elevated pH as a potential factor contributing to the variable
survival rates of juvenile hybrid striped bass (Morone saxatilis x M. chrysops), in fertilised
ponds.  Roach (Rutilus rutilus) fingerlings survived for 10 days at a pH of 10.15 (Jordan and
Lloyd 1964).  During the present study, approximately 18% of all pH measurements in
ponds at Snobs Creek exceeded a pH of 9.0, and approximately 9% exceeded 9.5 units.
Elevated concentrations of UIA are toxic to fish.  Concentrations in ponds at Snobs Creek
reached a maximum of 0.58 mg/L (mean 0.02 mg/L).  Abdalla et al. (1996) observed UIA
concentrations up to 0.6 mg/L in fertilised ponds.  High concentration of UIA (ie. > 0.01-
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0.03 mg/L) are often considered to reduce growth and survival of fish in aquaculture
however, the maximum safe concentration is unknown (Meade 1985).  Bergerhouse (1992)
and Bergerhouse (1993) showed that the combined interaction of high pH and high UIA was
lethal to the fry of walleye and hybrid striped bass.  Abdalla et al. (1996) suggested that the
combined effect of low DO (2.8 mg/L at 0600 hours) and high UIA (0.6 mg/L at 1600 hours)
may have increased mortality in ponds stocked with Nile tilapia (Oreochromis niloticus).
Downing and Merkens (1955) demonstrated an inverse relationship between the toxicity of
UIA and DO concentration.  Interactions of various water chemistry parameters and the
growth and survival of fish in ponds at Snobs Creek are described later (see Chapter 10).
Following liming of ponds, total alkalinity increased over time to reach a mean maximum
concentration of 62 mg/L some 40 days after filling.  In fertilised ponds with low alkalinity,
liming has more than doubled fish production (Boyd 1986).  Total alkalinity concentrations
of at least 20 mg/L are needed for development of phytoplankton blooms in aquaculture
ponds (Boyd 1990).  However, more recently Boyd (1997) suggested that the optimal
concentrations of total alkalinity in aquaculture ponds is probably 100 mg/L or more, though
this has yet to be determined.
Ponds with secchi disk visibilities between 0.3 and 0.4 m are considered to be in good
condition if the turbidity is from phytoplankton (Boyd 1990).  Ponds at Snobs creek tended
to have higher secchi disk visibilities (0.12 - >1.3 m, mean 0.63 m).  However, on some
occasions pond water at Snobs Creek became clear as secchi disk visibility was greater than
the depth of the pond.  Sevrin-Reyssac (1997) attributed clear water events in fish ponds to
phytoplankton instability associated with changing environmental and ecological conditions.
The relationship between secchi disk visibility and chlorophyll a in ponds at Snobs Creek is
described in Chapter 5.
This study has shown that water chemistry in fry rearing ponds at Snobs Creek exhibit,
diurnal, daily, weekly, monthly and seasonal fluctuations, and that variations occur within
and between ponds.  Concentrations of parameters measured in ponds for the most part were
suitable for rearing of the fry of Murray cod, trout cod and Macquarie perch.  However,
critical concentrations of some parameters, especially high pH and UIA concentrations, and
low DO concentrations may have been sufficient to cause stress and possibly mortality of fry
in some ponds.  The interactions between water chemistry and fish productivity (growth and
survival), as well as interactions with components of the plankton are explored in Chapter
10.
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5 PLANKTON
5.1 INTRODUCTION
Planktonic organisms (phytoplankton and zooplankton) play an essential role in aquaculture
ponds.  Phytoplankton form the basis of aquatic food webs and so are consumed by a range
of zooplanktonic organisms such as rotifers, cladocerans and copepods, as well as by
macroinvertebrate grazers including snails and many aquatic insect larvae.  Growth of
phytoplankton is critical to fish production (Geiger 1983a; Chang 1986; Delince 1992).
Nutrients, principally nitrogen and phosphorus in the form of chemical and/or organic
fertilisers, are added to aquaculture ponds to stimulate primary production through
phytoplankton growth (Yamada 1986; Boyd 1990; Lin et al. 1997).  This, in turn, stimulates
secondary production through the development of zooplankton blooms, a primary food
source for the fish fry stocked into the ponds.  In fry rearing ponds, zooplanktonic rotifers,
cladocerans and copepods are important prey of juvenile fish (Geiger 1983a, 1983b; Torrans
1986), including percichthyids (Arumugam and Geddes 1987; Rowland 1992; Arumugam
and Geddes 1996; Rowland 1996).  Survival and growth of fish in fry rearing ponds relies on
there being sufficient amounts of appropriate (species and size) zooplankton present.
Taxonomic and ecological studies of algae have been undertaken in Australian freshwater
environments such as lakes (eg. Gordon et al. 1981; Matveev and Matveeva 1997) and
rivers (eg. Chessman 1985; Whitton and Kelly 1995).  Phytoplankton communities in
aquaculture ponds have been widely studied overseas (eg. Boyd 1973; O'Brien and
DeNoyelles 1974; Milstein et al. 1985a; Smith 1988; Giovannini and Piedrahita
1994; Paerl and Tucker 1995), however there have been very few studies of the
phytoplankton communities in freshwater aquaculture ponds in Australia.  Culver (1988) and
Culver and Geddes (1993) listed 38 genera (plus other unidentified species) and described
trends in phytoplankton abundance in four fertilised fry rearing ponds over one season at the
Inland Fisheries Research Station (IFRS), Narrandera (NSW).
Zooplankton is recognised as one of the most important sources of food for fry in fry rearing
ponds.  The amount, size and composition of zooplankton present can have considerable
bearing on the survival and growth of fry stocked into ponds (Geiger 1983a).  Consequently,
there has been a plethora of investigations into the zooplankton ecology of fry rearing ponds
and its relationship with fish within the ponds (Geiger 1983a, 1983b; Culver 1988; Fox
1989; Qin and Culver 1992; Culver and Geddes 1993; Opuszynski and Shireman 1993;
Johnston and Mathias 1994; Mims et al. 1995; Arumugam and Geddes 1996; Qin and Culver
1996).
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Numerous studies have described the succession patterns and dynamics of zooplankton
blooms in ponds (Geiger 1983a; Parmley and Geiger 1985; Schlott-Idl 1991; Delince 1992;
Urabe 1992; Qin and Culver 1995).  Following filling and fertilisation of ponds, large
zooplankton blooms typically develop within weeks.  Subsequently, with a degree of
predictability, zooplankton blooms undergo a profound decline in abundance about 4-5
weeks after filling, with or without fish being present (Geiger et al. 1985; Culver 1988).
There are close trophic interactions between phytoplankton, zooplankton and fry in rearing
ponds.  Zooplankton abundance (and composition) can largely determine the success of
rearing larval fish in fertilised ponds (Geiger 1983a, 1983b; Anderson 1993a).  Rowland
(1996) observed a positive relationship between the survival of larval golden perch in ponds
and the volume of small zooplankton.  Conversely, the size and density of fish can affect
zooplankton abundance and composition (Gliwicz and Pijanowska 1989; Fernando 1994).
Predation by zooplanktivorous fish (such as juvenile percichthyid) can decrease the
abundance of large crustacean zooplankton, resulting in an increase in phytoplankton
biomass, due to decreased grazing pressure from herbivorous crustaceans, and an increase in
the abundance of small zooplankton (Brooks and Dodson 1965; Geiger 1983b; Qin and
Culver 1995; Arumugam and Geddes 1996; Qin and Culver 1996).
Considerable emphasis has been placed on control and manipulation of zooplankton blooms
to enhance the growth and survival of fish (Geiger 1983b; Verreth 1990; Jana and
Chakrabarti 1993).  Application of fertilisers (organic and inorganic) to ponds is known to
enhance zooplankton productivity (Boyd 1981b; Geiger 1983a; Boyd 1990; Delince 1992).
Consequently many studies have focused on development of fertilisation regimes (types of
fertiliser, combinations of fertiliser, rates of application, frequency of application, etc.) to
increase zooplankton blooms in ponds (Boyd 1981a; Fox et al. 1989; Anderson 1993b;
Mims et al. 1995; Qin et al. 1995).
In contrast to the exhaustive investigations of zooplankton communities in aquaculture ponds
elsewhere, there have been few studies of zooplankton undertaken in fry rearing ponds in
Australia, most of which were carried out in ponds at the IFRS, Narrandera, NSW during the
1980’s.  Culver (1988) and Culver and Geddes (1993) studied the plankton ecology in four
fry rearing ponds over a two month period in one season.  Arumugam (1986b), Arumugam
and Geddes (1987), Arumugam and Geddes (1988), Arumugam and Geddes (1996),
investigated the relationship between zooplankton and juvenile golden perch over a single
season.  In the same ponds, Rowland (1996) compared the survival of pond-reared golden
perch fry and densities of zooplankton over four consecutive seasons.
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Zooplankton species have been described from many lentic habitats in Australia, included
temporary pools (Morton and Bayly 1977), waste stabilisation ponds (Mitchell and Williams
1982a, 1982b), farm dams (Sudzuki and Timms 1980; Geddes 1986), billabongs (Timms
1988), and lakes (Kobayashi 1992).  Species checklists for freshwater aquaculture ponds
have been compiled by Arumugam (1986b), Culver and Geddes (1993) and Ingram et al.
(1997) (see Appendix I).
In the absence of substantial studies of the planktonic communities of fry rearing ponds in
Australia, a study was undertaken of the plankton of fry rearing ponds at Snobs Creek with
the aim to identify species of phytoplankton and zooplankton species composition and to
quantify spatial and temporal changes in abundance.  No attempt was made to investigate the
influence of fertilisation regimes on plankton, as a standard fertilisation protocol was applied
to all ponds throughout the present study (see Chapter 2).  However, an investigation of the
effects of fertilisation events on phytoplankton and zooplankton abundance was undertaken.
Relationships between plankton and other measured parameters (ie. water chemistry and
fish) are dealt with in a later chapter (Chapter 10).
5.2 MATERIALS AND METHODS
Methods for the collection and processing of water samples for identification and
enumeration of phytoplankton (chlorophyll a was used as an indicator of biomass) and
zooplankton are provided in Chapter 2.
Spatial variation in chlorophyll a concentrations and zooplankton abundance and
composition, were monitored in each of five pond fillings (Trials 42, 44, 68, 74 and 75).
Each pond sampled was nominally divided into three sections based on water depth (“deep”,
“middle” and “shallow”).  Triplicate samples were collected from randomly selected sites
within each section.
To compare differences in chlorophyll a concentrations and zooplankton abundance and
composition between adjacent ponds, three pond fillings (Trials 44, 46 and 49), were
simultaneously filled with water, fertilised on the same day at the same rate and stocked with
approximately equal numbers of cod on the same day.  As part of a diurnal sampling
experiment (see below) on the 23rd and 24th days after filling replicate samples of water
samples were collected from each pond for analysis of chlorophyll a and zooplankton.
In order to identify and describe diurnal variations in chlorophyll a concentrations and
zooplankton abundance and composition, replicate water samples were collected from four
55
pond fillings (Trials 42, 44, 46, and 49) every 4 hours (08:00, 12:00, 16:00, 20:00, 00:00,
and 04:00 hours) over a 20 hour period.  In order to determine daily fluctuations in
chlorophyll a concentrations, zooplankton densities, replicate samples were collected from
four pond fillings over 6-12 consecutive days.  Trial No. 66 (Pond 12) was sampled on days
11 to 16 after filling, Trial No. 68 (Pond 13) on days 8-14 after filling, Trial No. 69 (Pond
13) on days 7-15 after filling, and Trial No. 75 (Pond 16) on days 7-18 after filling.
The effects of fertilisation events on chlorophyll a concentrations and zooplankton
abundance was determined in four ponds (Trial Nos, 66, 68 79 and 75).  Between the 7th and
11th day after filling, each pond received an application of MAP at 30 kg/ha and ammonium
sulphate at 30 kg/ha.  On the day of fertilisation, and each day thereafter for 7-11 days,
chlorophyll a concentrations and zooplankton species composition and abundance were
measured according to methods described in Chapter 2.
Data collected during routine monitoring of the ponds throughout the study was also
summarised to describe fluctuations in water chemistry, chlorophyll a concentrations,
zooplankton abundance and composition over weekly, monthly and seasonal time periods.
Analysis of spatial and temporal patterns in chlorophyll a and zooplankton data were
analysed using the SAS General Linear Model (GLM) procedure (SAS Version 6.1 software,
SAS Institute, Inc., Cary, North Carolina, USA) to test for a significant difference (0.05
level).  Tukey’s Multiple Range Test (SAS Version 6.1 software, SAS Institute, Inc., Cary,
North Carolina, USA) was used to identify significant differences in variance between each
treatment.  The relationship between chlorophyll a and secchi disk visibility was determined
by Pearson product moment correlation analysis (SAS Version 6.1 software,  SAS Institute,
Inc., Cary, North Carolina, USA) of measurements of these parameters simultaneously
collected from the ponds using methods described in Chapter 2.
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5.3 RESULTS
5.3.1 Species composition and abundance
Phytoplankton
Species representing 37 genera were recorded from rearing ponds at Snobs Creek (Table
5.1).  More species of green algae (Chlorophyta) were recorded than species from any other
phyla.  In the water column blooms of several species including Euglenoids, Oocystis,
Anabaena and Pediastrum, were common.  Slicks of algae, especially Euglena,
Trachelomonas and Anabaena, were occasionally observed on the surface of some ponds.
Problematic blooms of filamentous algae especially Hydrodictyon occurred in the ponds.  A
full list of algal species reported from aquaculture ponds in south-eastern Australia is
presented in Ingram et al. (1997) (see Appendix I).
Chlorophyll a concentrations at Snobs Creek ranged from 1.76 to 184.04 µg/L (mean
29.37 µg/L).  In general concentrations first peaked during the second week after filling the
ponds with water.  A slightly smaller, secondary peak in concentration was often observed
later (usually about the 7th week after filling).  A summary of all chlorophyll a concentrations
for all pond fillings at Snobs Creek is presented in Fig. 5.1.
Chlorophyll a concentrations were significantly correlated with secchi disk depth (Rho =
-0.229; P = 0.0025).  As chlorophyll a concentrations increased, secchi disk depth decreased
(Fig. 5.2).  The linear regression equation this relationship is represented by the equation:
Log(secchi disk depth) = -0.098·Log(chlorophyll a) – 0.313.
Zooplankton
Zooplankton taxa recorded from fry rearing ponds at Snobs Creek is presented in Table 5.2.
A checklist of all aquatic invertebrates recorded from ponds at Snobs Creek as well as other
aquaculture ponds and farm dams in south eastern Australia, are presented in Ingram et al.
(1997) (Appendix I).  A summary of densities of major zooplankton taxonomic groups and
zooplankton densities for all pond fillings at Snobs Creek is presented in Table 5.3 and Fig.
5.3, respectively.
57
Table 5.1 List of algal taxa recorded from ponds at Snobs Creek (“?” identification is
tentative).
TAXA SPECIES
Chlorophyta Characeae Elakatothrix sp.
Desmidiaceae Arthrodesmus sp.
Closterium sp.
Cosmarium sp.
Dicidium sp.
Euastrum sp.
Micrasterias sp.
Penium sp.
Staurastrum spp.
Gleoecystaceae Gloeocystis sp.
Hydrodictyaceae Pediastrum sp
Hydrodictyon sp.
Oocystaceae Ankistrodesmus sp.
Chlorella spp.
Oocystis sp.
Treubaria sp.
Scenedesmaceae Actinastrum sp.
Coelastrum spp.
Scenedesmus sp.
Tetrastrum spp.
Volvocaceae Eudorina sp.
Pandorina sp.
Volvox sp.
Zygnemataceae Spirogyra sp.
Euglenophyta Euglenaceae Euglena sp.
Trachelomonas sp.
Pyrrhophyta Ceratiaceae Ceratium sp.
Peridiniaceae Peridinium sp.
Chrysophyta Bacillariophyceae
Achnanthaceae Acnanthes sp.
Fragilariaceae ?Synedra sp.
Chrysophyceae
Dinobryaceae Dinobryon sp.
Ochromonadaceae Uroglenopsis sp.
Synuraceae Mallomonas sp.
Cryptophyta Cryptochrysidaceae ?Rhodomonas sp.
Cryptomonadaceae ?Cryptomonas sp.
Cyanophyta Nostocaceae Anabaena spp.
Nostoc sp.
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Fig. 5.1 Mean chlorophyll a concentration (+ s.e.) for all pond fillings at Snobs Creek.
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Fig. 5.2 Relationship between chlorophyll a concentrations and secchi disk visibility in
ponds at Snobs Creek (line represents quadratic regression).
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Table 5.2 List of zooplankton taxa recorded from ponds at Snobs Creek (“?” identification
is tentative.  Species names enclosed in "   " refers to a species that either
requires taxonomic revision as it is probably not the nominate species, or is a
species complex).
TAXA SPECIES
PROTOZOA Ciliophora Stentor sp.
Trichonia sp.
Vorticella sp.
Ciliates
Sacromastigophora Mastigophora Flagellates
Sacrodina Arcella sp.
Difflugia sp.
NEMATODA Dorylaimidae
ROTIFERA Bdelloidea Bdelloidea Bdelloid
Collothecacea Collothecidae Collotheca pelagica
Flosculariacea Conochilidae Conochilus unicorniss
Filiniidae Filinia spp.
Flosculariidae Lacinularia sp.
Hexarthridae Hexarthra sp.
Ploimida Asplanchnidae Asplanchna sieboldii
Brachionidae Brachionus angularis
B. budapestinensis
B. calyciflorus
B. lyratus
B. quadridentatus
Brachionus spp.
K. slacki
Lecanidae Lecane sp.
Synchaetidae Polyarthra sp.
Trichocercidae Trichocerca sp.
ARACHNIDA Acarina Hydracarina Eylais sp.
Piona sp.
Unidentified mites
CRUSTACEA Cladocera Bosminidae Bosmina meridionalis
Chydoridae Camptocercus australis
Chydorus sp.
Daphniidae Ceriodaphnia sp.
Daphnia “carinata”
D. lumholtzi
Scapholeberis kingi
Simocephalus sp.
Moinidae Moina micrura
Ostracoda Cyprididae Heterocypris sp.
Newnhamia sp.
Unidentified ostracods
Copepoda Calanoida Boeckella fluvialis
B. triarticulata
Cyclopoida Mesocyclops spp.
Unidentified cyclopoids
Harpacticoida Canthocamptus sp.
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Fig. 5.3 Mean zooplankton density (+ s.e.) for all pond fillings at Snobs Creek during the
present study.
During the study, total zooplankton densities in ponds at Snobs Creek reached a maximum
density of 6,621 ind./L (mean 721 ind./L).  Zooplankton was first observed in the ponds as
early as two days after filling and densities first peaked in the 1st to 7th week after filling
(mean 3rd week after filling) (Table 5.3).  A smaller secondary peak in density tended to
occur about the 8th week after filling (Fig. 5.3).  In contrast, zooplankton densities in water
which was used to filled the ponds was extremely low (< 1.0 ind./l).
Biomass of plankton in fry ponds at Snobs Creek ranged from 0.26 to 13.09 mg/L (mean
1.99 mg/L).  Due to the wide variations in the composition of zooplankton, and the potential
for contamination from sediment and plant matter in each sample, no relationship was
detected between total zooplankton density and biomass.
During the study, 17 rotifer taxa were recorded in ponds at Snobs Creek (Table 5.2).
Rotifers occurred in 81% of samples collected from the ponds and, when present, were often
the most abundant zooplankton taxa with densities reaching 5,879 ind./L (mean 384 ind./L).
Rotifers were one of the first taxa to appear in plankton samples after the ponds were first
filled, and often reached an initial peak density (2 – 3 weeks after filling) before other taxa
(Fig. 5.4a), such as observed with Brachionus calyciflorus (Fig. 5.4b) and Filinia (Fig. 5.4c).
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Table 5.3 Summary zooplankton densities for all pond fillings (1991 to 1999) at Snobs Creek for major (common) taxa.
Taxa Proportion of Density (ind./L) Day1 first Week2 of first
samples in which Maximum Mean Mean appeared in peak in density
taxa present (all samples) (when present) plankton (mean week)
(%) (mean day)
Rotifera Asplanchna 41 291 11 26 2 (9) 1-5 (2)
Brachionus calyciflorus 26 2,554 60 233 3 (10) 1-10 (2)
Other Brachionus spp. 36 1,865 49 134 2 (12) 1-5 (2)
Conochilus* 10 5,571 52 487 4 (26) 1-7 (3)
Filinia 26 1,803 38 145 3 (15) 1-7 (3)
Hexarthra 8 1,418 12 116 6 (9) 1-3 (2)
Keratella 24 1,863 13 54 3 (18) 1-9 (3)
Polyarthra 15 3,433 38 210 5 (10) 1-4 (2)
Cladocera Moina 86 1,444 118 137 2 (9) 2-5 (3)
Daphnia 56 613 38 68 4 (14) 1-6 (3)
Copepoda Nauplii 96 1,008 155 161 2 (9) 1-5 (3)
Calanoida 74 439 47 63 4 (13) 1-7 (4)
Cyclopoida 66 972 48 73 2 (12) 1-6 (3)
Other taxa Nematoda 6 49 <1 5 3 (15) 1-4 (2)
Ostracoda 9 66 <1 5 2 (29) 2-8 (5)
Chironomidae 12 12 <1 3 3 (17) 1-7 (3)
Summary Rotifers 81 5,879 312 384 2 (8) 1-9 (3)
Copepoda (excl.nauplii) 88 1,032 95 108 2 (10) 1-7 (4)
Cladocera 95 1,444 157 164 2 (9) 2-5 (3)
Other taxa 38 66 2 5 2 (17) 1-6 (3)
ZOOPLANKTON 6,621 721 2 (8) 1-7 (3)
1.  Day = Days after filling pond.
2.  Week = Week from day of filling pond (ie week 1 = first week)
*   Including colonies and individuals.
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(a) (b)
(c) (d)
(e) (f)
(g) (h)
Fig. 5.4 Mean density (ind./L + s.e.) of selected common zooplankton taxa for all pond
fillings at Snobs Creek. (a) Rotifera (all species), (b) B. calyciflorus,
(c) Filinia, (d) Moina, (e) Daphnia, (f) Copepod nauplii, (g) Cyclopoida,
(h) Calanoida.
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Asplanchna were the most frequently encountered rotifer in plankton samples at Snobs
Creek (present in 41% of samples), but were the least abundant (lowest densities) (Table
5.3).  Asplanchna, Filinia and B. calyciflorus were more frequently encountered and more
abundant early in the season (November-January) than later in the season (February-April).
In contrast, Keratella, Conochilus and other Brachionus species, such as B. angularis, were
more frequently encountered, and more abundant, late in the season (February-April) than
early in the season (November-January).
Conochilus cf. unicornis (colonies and individuals) were uncommon (encountered in 10% of
samples), but reached a maximum density of 5,571 ind./L, the highest for all taxa.  The high
density of this taxum may be due to colonies, which can contain up to 30 individuals,
breaking up during sampling.  After Conochilus, Polyarthra and Brachionus calyciflorus
were the next most abundant rotifers as maximum densities of 3,433 ind./L and 2,554 ind./L
were observed for these taxa, respectively.
Other rotifer taxa which were less common but periodically developed large blooms in the
ponds included Hexarthra (up to 1,418 ind./L), and Lacinularia (up to 36 colonies/L and
2,374 ind./L).  Some rotifer taxa, such as Lecane and bdelloids were infrequently
encountered (in <1% of samples) and densities were low (<30 ind./L).
Nine species of Cladocera (Branchiopoda) were recorded in ponds at Snobs Creek during
this study (Table 5.2).  Cladocerans were encountered in 95% of samples collected from the
ponds.  Moina micrura was the most frequently encountered (present in 86% of samples),
and the most abundant (up to 1,444 ind./L, mean 137 ind./L when present) cladoceran in
plankton samples at Snobs Creek (Table 5.3).  Daphnia (predominantly D. “carinata”) were
second most frequently encountered and abundant (Table 5.3).  Other cladocerans collected
from the ponds included Daphnia lumholzti, Bosmina meridionalis, Scapholeberis kingi,
Simocephalus sp. and several chydorid species, but frequency and abundance of these
species were low (<2% present in samples and <50 ind./L).
On average, Moina appeared in the plankton earlier (9 days after filling) than Daphnia (14
days after filling) (Table 5.3).  Initial peaks in density generally occurred in the 3rd week
after filling for Moina (Fig. 5.4d), and the 4th week after filling for Daphnia (Fig. 5.4e).
Moina were most abundant between December and February, whereas seasonal trends in the
abundance of Daphnia were less obvious.
Due to the great frequency and abundance of nauplii, these were separated from other
copepods for analysis.  Consequently, the Copepoda were broken into three groups, nauplii,
Calanoida and Cyclopoida (the latter two including copepodites).  Mesocyclops was the only
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cyclopoid, and Boeckella fluvialis and B. triaticulata were the only calanoid copepods,
observed in ponds at Snobs Creek.  Harpacticoid copepods were rare as Acanthocamptus was
observed twice during the study only.
Copepod nauplii were the most frequently encountered zooplanktonic taxa in samples at
Snobs Creek (present in 96% of samples).  Nauplii reached densities of 1,008 ind./L (mean
161 ind./L when present), and were first observed in the plankton as early as two days after
filling (mean 9 days), and peaked in density 3-4 weeks after pond filling (Table 5.3, Fig.
5.4f).  Calanoid copepods occurred in 74% of samples and densities reached 439 ind./L,
whereas cyclopoid copepods were less frequent (66% of samples), but were more abundant
with densities reaching 972 ind./L (Table 5.3).  Cyclopoid and calanoid copepods generally
reached peak densities in the 4th week after pond filling, but cyclopoid densities declined
thereafter (Fig. 5.4g), while calanoid densities varied but did not generally decline later (Fig.
5.4h).  Copepods (both nauplii and adults) were more frequently collected and more
abundant between December and February than in other months.
Other zooplankton taxa, apart from rotifers, cladocerans and copepods, occurred in 38% of
samples, but the combined density of these taxa never exceeded 66 ind./L.  These taxa
included nematodes, ostracods, Hydracarina, Hemiptera and the larvae of aquatic Diptera
(Chaoboridae, Culicidae, Chironomidae, and Stratiomyidae) (see Ingram et al. 1997,
Appendix I).
5.3.2 Spatial patterns
Phytoplankton
Spatial variations in chlorophyll a concentrations between sites within each of five ponds are
presented in Fig. 5.5.  Of these, a significant difference between sites was detected in one
pond only (Trial No. 74) (F2,6  = 9.33, P = 0.0144).
In general, the mean concentration of chlorophyll a was highest in the largest pond (Pond 16,
46.4 + 5.3 s.e. µg/L), whereas concentrations in the two smallest ponds (Pond 14, 15.2 + 2.6
s.e. µg/L, and Pond 15, 19.5 + 2.1 s.e. µg/L) were lower than other ponds (Fig. 5.6a).  Ponds
12 and 13, which were similar in size and shape, had similar chlorophyll a concentrations
(Pond 12, 26.7 + 4.0 s.e. µg/L; Pond 13, 31.6 + 3.5 s.e. µg/L ) (Fig. 5.6a).
Significant variations in chlorophyll a concentrations were also observed between three
ponds (Trials 44, 46 and 49), which were simultaneously filled with water, fertilised at the
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same rate and stocked with cod on the same day (F2,6 = 43.14, P = 0.0003) (Fig. 5.6b).
During diurnal sampling of these ponds, concentrations in Trial 44 were more than double
concentrations in Trial 49, which in turn were more than double those of Trial 46.
Zooplankton
Significant differences (P < 0.05) were detected in zooplankton densities collected from
three sites within five pond fillings at Snobs Creek (Table 5.4, Fig. 5.7).  These differences
were observed for most taxonomic groups in at least one pond filling.  Up to a 12-fold
difference was observed in the density of rotifers (Trial 74), up to an eight-fold difference in
cladocerans (due to Daphnia densities) (Trial 44), up to 10-fold difference in copepods (due
to calanoid densities) (Trial 74), and more than a 2-fold difference in total zooplankton
densities (Trials 68 and 75).  Differences at higher taxonomic levels (i.e. Rotifera, Cladocera
and Copepoda) were dictated by the species that dominated within that taxonomic group.
Significant spatial variations in total zooplankton densities were observed in three of the five
ponds sampled (Trials 44, 68 and 75) (Table 5.4, Fig. 5.7).
Differences in mean zooplankton density were observed between the five ponds at Snobs
Creek (Fig. 5.8a).  In general zooplankton densities appeared to be higher for ponds 13 and
15, which was largely due to the higher mean densities of rotifers in these ponds.
A significant difference in total zooplankton abundance was observed between three ponds
(Trials 44, 46 and 49), which were simultaneously filled with water, fertilised at the same
rate and stocked with cod on the same day (F2,3 = 20.14, P = 0.0183) (Fig. 5.8b).  During
diurnal sampling of these ponds, zooplankton densities in Trial 49 were nearly double that in
Trial 44, and nearly three times greater than that in Trial 46.  Significant differences between
the ponds were also observed for copepod nauplii (F2,3 = 27.94, P = 0.0115), adult copepods
(F2,3 = 109.37, P = 0.0016) and cladocerans (F2,3 = 11.87, P = 0.0376), but not for rotifers
(F2,3 = 7.10, P = 0.0729) (Fig. 5.8b).
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Fig. 5.5 Spatial variations in chlorophyll a concentrations (mean + 95% confidence limits)
in five pond fillings (Trials 42, 44, 68, 74 and 75) at Snobs Creek (d = deep
section, m = middle section, and s = shallow section).
(a) (b)
Fig. 5.6 Comparison of chlorophyll a concentrations (+ 95% confidence limits) between
ponds at Snobs Creek.  (a) Mean concentrations measured in all fry ponds during
the study.  (b) Concentrations in three ponds (Trials) which were simultaneously
filled with water, fertilised at the same rate and stocked with cod on the same day.
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Table 5.4 Mean density of selected common zooplankton taxa collected from three
different sites within five pond fillings (Trials).
Taxa Trial Prob. Mean density (ind./L) (s.e. in brackets)2
No. Value1 Deep Middle Shallow
Rotifera
Asplanchna 42 0.0135 64 (15)a 0b 87 (2)a
68 0.7702 25 (5) 23 (6) 27 (0)
B. calyciflorus 68 0.7325 237 (18) 221 (34) 208 (22)
75 0.5674 64 (11) 52 (13) 35 (0)
Filinia 68 0.0090 345 (45)b 739 (26)b 1,615 (189)a
75 0.4987 250 (27) 381 (138) 245 (23)
Polyarthra 68 0.0036 648 (53)b 1,581 (85)a 1,719 (79)a
Cladocera
Moina 42 0.4558 175 (33) 157 (7) 246 (13)
68 0.3654 258 (13) 252 (76) 158 (22)
74 0.1979 159 (53) 106 (28) 39 (11)
75 0.0150 580 (43)b 1,280 (164)a 384 (10)b
Daphnia 42 0.0002 7 (2)b 0b 54 (0)a
44 0.0001 48 (7)b 81 (16)b 393 (10)a
68 0.6476 3 (3) 3 (3) 0
74 0.4648 5 (5) 0 0
Copepoda
Nauplii 42 0.5156 13 (4) 19 (2) 13 (4)
44 0.1547 238 (43) 269 (13) 177 (29)
68 0.9128 5 (5) 3 (3) 5 (5)
74 0.0214 368 (55)b 522 (88)ab 865 (6)a
75 0.7569 61 (3) 66 (8) 68 (8)
Calanoida 74 0.0025 222 (15)a 127 (13)b 14 (3)c
Cyclopoida 44 0.6785 181 (17) 141 (24) 167 (46)
74 0.6183 8 (3) 5 (0) 8 (3)
Summary
Rotifers 42 0.0469 168 (13)ab 86 (26)b 188 (5)a
44 0.3012 4 (2) 14 (4) 18 (10)
68 0.0057 1,285 (80)c 2,564 (139)b 3,568 (246)a
74 0.4902 58 (48) 5 (0) 33 (0)
75 0.4922 325 (21) 497 (180) 323 (20)
Copepoda 42 0.0001 8 (0)b 0c 9 (0)a
(excl.nauplii) 44 0.6785 181 (17) 141 (24) 167 (46)
74 0.0035 229 (18)a 132 (13)b 22 (6)c
Cladocera 42 0.2165 181 (35) 157 (71) 299 (13)
44 0.0001 49 (8)b 81 (16)b 394 (9)a
68 0.3308 260 (10) 255 (74) 158 (22)
74 0.1569 164 (48) 106 (28) 39 (11)
75 0.0150 580 (43)b 1,280 (164)a 384 (10)b
Total 42 0.1508 381 (44) 263 (99) 509 (13)
Zooplankton 44 0.0003 473 (25)b 507 (35)b 757 (34)a
68 0.0064 1,553 (88)b 2,836 (71)a 3,735 (270)a
74 0.2544 819 (38) 773 (111) 970 (22)
75 0.0006 968 (59)b 1,844(24)a 780 (23)a
1. Probability value, significant when <0.05.
2. Concentrations with the same letter (superscript) are not significantly different from
each other (Tukey’s multiple range test)
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(a) (b)
(c) (d)
(e)
Fig. 5.7 Spatial variations in mean zooplankton densities within five pond fillings at
Snobs Creek.  (a) Trial 42, (b) Trial 44, (c) Trial 68, (d) Trial 74, (e) Trial 75.
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(a) (b)
Fig. 5.8 Comparison of zooplankton densities between ponds at Snobs Creek.  (a) Mean
concentrations measured in all fry ponds during the study.  (b) Mean densities in
three ponds (Trials) which were simultaneously filled with water, fertilised at the
same rate and stocked with cod on the same day.
5.3.3 Temporal patterns
Phytoplankton
During diurnal sampling of four ponds, significant differences between chlorophyll a
concentrations were detected in Trial No. 42 only (F5,12 = 39.24, P = 0.0001), where up to a
2-fold change in concentration was observed between samples (0:00 hours and 04:00 hours)
(Table 5.5, Fig. 5.9).  For every four hours of sampling, changes in concentration ranged
from 0.1 to 7.7 µg/L (mean 2.3 µg/L).
In contrast, during daily sampling, significant differences (P<0.05) in chlorophyll a
concentration were observed in all four ponds sampled (Table 5.6, Fig. 5.10).  Differences
from one day to the next ranged from 0.4 to 63.4 µg/L (mean 15.6 µg/L), which represents a
1.0-170% (mean 40%) change in concentration every day.
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Table 5.5 Mean concentrations of chlorophyll a in four ponds at MAFRI Snobs Creek
sampled every four hours for 20 hours.
Trial No. Mean chlorophyll a (µg/L)*
08:00 12:00 16:00 20:00 00:00 0:400
42 2.74a 3.04a 5.74ab 8.84b 16.02c 8.31b
44 21.95 17.94 16.62 19.24 14.91 13.69
46 1.77 3.31 3.07 3.16 1.75 2.29
49 8.84 5.90 8.61 6.61 6.99 7.09
* Concentrations with the same letter (superscript) are not significantly
different from each other (Tukey’s multiple range test)
Fig. 5.9 Variations in chlorophyll a concentrations (+ s.e.) measured every four hours in
four pond fillings (Trials 42, 44, 46 and 49) at Snobs Creek over a 20 hour period.
Table 5.6 Mean concentrations of chlorophyll a in four ponds at MAFRI Snobs Creek
sampled every day for 6 to 12 days.
Trial Mean chlorophyll a per day (µg/L)*
No. 1 2 3 4 5 6 7 8 9 10 11 12
66 25.6a 46.0b 109.4c 104.6d 51.1e 32.4f
68 16.3a 20.5a 56.3b 105.0d 76.4c 60.6b 53.5b
69 12.8ab 11.8a 10.0a 18.7b 42.5d 46.5d 59.2e 43.7d 35.1c
75 14.1a 26.5b 34.7cd 50.0f 50.4f 37.2d 44.5ef 48.3ef 42.5e 48.3ef 35.2cd 30.5bc
* Concentrations with the same letter (superscript) are not significantly different from each
other (Tukey’s multiple range test)
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Mean weekly variations in chlorophyll a are presented in Fig. 5.1.  Chlorophyll a
concentrations varied from one month to the next.  Overall, concentrations were slightly
higher in latter months (January – March) (mean 30.4 µg/L + 1.6 s.e.) than earlier months
(November – December) (mean 26.4 µg/L + 1.3 s.e.).  However, monthly patterns in
concentration were different for each of the three seasons sampled (Fig. 5.11).
Concentrations during the 1991/92 season (mean 31.6 µg/L + 2.4 s.e.) and the 1993/94
season (mean 30.9 µg/L + 1.6 s.e.) were, on average, higher than for the 1992/93 season
(mean 22.2 µg/L + 1.4 s.e.) (Fig. 5.11).
Zooplankton
Due to the recent filling of pond 12 (Trial 42) at the time of sampling, zooplankton densities
were low (<5 ind./L) and therefore these data were excluded from analysis.  Significant
differences (P<0.05) between the densities of some zooplankton taxa were observed in
samples collected every four hours from ponds, including calanoid and cyclopoid copepods
as well as copepod nauplii, and the cladocerans Moina and Daphnia and total rotifers (Table
5.7).  During Trial 46, the density of cyclopoid and calanoid copepods increased from 122-
149 ind./L and 43-107 ind./L, respectively after four hours (Fig. 5.12a), and during Trial 44
copepod nauplii densities increased from 56 ind./L to 158 ind./L over four hours.  The
densities of Daphnia (Trial 44) and Moina (Trial 49) increased from 263 ind./L to 424 ind./L
and 434 ind./L to 532 ind./L, respectively (Fig. 5.12b).  However, differences in total
zooplankton densities did not significantly change during four hourly sampling (Table 5.7).
The majority of taxa sampled in four pond fillings underwent significant (P<0.05) daily
changes in density (Table 5.8, Fig. 5.13).  Both Filinia and Polyarthra exhibited significant
daily changes in densities.  For example, over 24 hours, the density of Filinia declined from
193 ind./L to 44 ind./L in Trial 75, while the density of Polyarthra increased from 648 ind./L
to 3,114 ind./L in Trial 68 (Table 5.8).  The decline in rotifer densities in Trial 66 (244 ind./L
to 45 ind./L) between days 12 and 13 (Fig. 5.13a) and in Trial 69 (545 ind./L to 135 ind./L)
between days 8 and 9 (Fig. 5.13c), was mainly due to reductions in numbers of Brachionus
spp.
Significant (P<0.05) increases in cladoceran densities were observed in Trial 66 (eg. 2 ind./L
to 41 ind/L between days 11 and 12) and Trial 75 (eg, 245 ind./L to 580 ind./L between days
5 and 6) (Fig. 5.13).  These were due to changes in the density of Moina, which was
numerically more abundant than Daphnia (Table 5.8).
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Fig. 5.10 Variations in chlorophyll a concentrations (+ s.e.) measured daily in four pond
fillings (Trials 66, 68, 69 and 75) at Snobs Creek.
Fig. 5.11 Comparison of chlorophyll a concentrations (+ 95% confidence limits) at Snobs
Creek by month (N = November, D = December, J = January, F = February and
M = March) and season.
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Table 5.7 Mean densities of selected common zooplankton taxa in three ponds at MAFRI
Snobs Creek sampled every four hours for 20 hours.
Taxa Prob. Mean density (ind./L)2
Trial No. Value1 08:00 12:00 16:00 20:00 00:00 0:400
Asplanchna spp.
44 0.5727 18 20 26 17 25 18
46 0.4185 2 5 0 0 2 2
49 0.1291 2 9 0 17 5 0
Calanoid copepods
44 0.4523 2 0 4 7 8 11
46 0.0006 51a 42a 47a 43a 107b 115b
49 0.0148 17a 19a 47ab 44ab 58b 50ab
Copepod nauplii
44 0.0253 45a 56a 158b 105ab 71ab 71ab
46 0.0533 333 277 227 140 217 139
49 0.0147 567ab 609ab 806a 461b 366b 469b
Cyclopoid copepods
44 0.0331 9a 24ab 15a 45b 21ab 23ab
46 0.0043 233a 185ab 118b 122b 190ab 219a
49 0.0013 407a 351a 597ab 574ab 940c 777bc
Daphnia spp.
44 0.0126 330abc 243c 318abc 263bc 424a 411ab
46 0.0760 27 69 60 77 103 102
49 0.0334 11ab 14a 0b 5ab 2ab 5ab
Filinia spp.
44 0.6379 325 252 311 136 248 516
46 0.4792 34 30 4 23 36 28
49 0.4894 0 0 0 0 14 0
Moina
44 0.0995 74 104 124 77 55 64
46 0.0940 132 125 151 202 170 120
49 0.0210 364a 405ab 431ab 434ab 532b 538b
Total cladocerans
44 0.1346 404 348 441 342 479 475
46 0.1455 159 196 211 278 273 222
49 0.0236 374a 419ab 431ab 439ab 542b 543b
Total copepods
44 0.0996 11 24 19 53 29 34
46 0.0006 284ab 226bc 164c 166c 298ab 335a
49 0.0012 424a 369a 645ab 618ab 998c 827bc
Total rotifers
44 0.8759 610 633 618 464 502 696
46 0.0572 110 134 51 61 60 60
49 0.0470 578a 624a 424a 240a 276a 443a
Total zooplankton
44 0.5333 1,072 1,060 1,237 966 1,082 1,276
46 0.1043 888 836 656 645 850 758
49 0.1297 1,948 2,021 2,312 1,757 2,181 2,284
1. Probability value, significant when <0.05.
2. Concentrations with the same letter (superscript) are not significantly different from
each other (Tukey’s multiple range test)
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Table 5.8 Mean densities of selected zooplankton taxa in four ponds at Snobs Creek sampled every day for 6 to 12 days.
TAXA Trial Prob. Mean density per day of sampling  (ind./L)*
No. Value 1 2 3 4 5 6 7 8 9 10 11 12
ROTIFERA Asplanchna 66 0.1833 2 5 13 7 8 1
68 0.1231 31 46 26 25 25 10 9
69 0.0495 0 5 2 7 2 5 0 0
75 0.0001 269a 134b 89bc 31c 11c 3c 3c 8c 34bc 57c 69bc 17c
B. calyciflorus 66 0.0001 1,145a 817b 226c 34c 10c 4c
68 0.0001 511a 470a 351b 238c 106d 60d 19d
69 0.0001 0b 0b 47a 5b 0b 0b 0 0
75 0.0001 0c 383a 301a 124b 30bc 64bc 47bc 37bc 17c 0c 0c 34bc
Filinia 68 0.0001 71c 104c 299bc 345bc 1,493a 536b 369bc
69 0.0009 10c 28bc 39bc 51bc 62bc 105ab 112ab 192a
75 0.0005 3c 18bc 97bc 220abc 360a 250ab 227abc 193abc 44bc 5bc 0c 0c
Keratella 66 0.1773 0 0 2 0 10 8
68 0.4918 0 0 0 0 0 0 931
69 0.0006 7b 3b 2b 5b 16b 33b 92b 190a
Poyarthra 66 0.0013 29a 7b 0b 3b 6b 4b
68 0.0001 0b 282b 509b 648b 3,114 0b 38b
69 0.0403 52 55 37 5 9 12 25 12
75 0.0161 10ab 5b 3b 39ab 66a 0b 10ab 0b 5b 13ab 0b 0b
Total rotifers 66 0.0001 1,113a 829b 244c 45d 37d 17d
68 0.0001 929c 904c 1,185c 1,285c 4,741a 2,476b 2,175b
69 0.0001 946a 545b 135de 83e 104de 240cd 335c 558b
75 0.0002 510a 551a 518a 414ab 470a 324abc 307abc 259abc 156bc 85c 87c 112bc
Continued over page
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Table 5.8 Mean densities of selected zooplankton taxa in four ponds at Snobs Creek sampled every day for 6 to 12 days (continued).
TAXA Trial Prob. Mean density per day of sampling  (ind./L)*
No. Value 1 2 3 4 5 6 7 8 9 10 11 12
CLADOCERA Daphnia 66 0.0327 0 0 4 3 6 5
68 0.0010 0c 0c 0c 3bc 0c 10ab 12a
Moina 66 0.0014 2c 38ab 4c 15bc 15bc 46a
68 0.0032 43c 106bc 185ab 258a 229ab 237ab 232ab
69 0.0001 7d 43d 78cd 132bc 143bc 200b 191b 333a
75 0.0001 5f 63ef 145def 352c 245cde 580a 550ab 373bc 395abc 278cd 230cde 100def
Total cladocerans 66 0.0040 2c 41ab 9c 19bc 21abc 51a
68 0.0021 43c 106bc 185ab 260a 229ab 246a 243a
69 0.0001 7d 43d 78cd 132bc 143bc 200b 194b 336a
75 0.0001 5f 68ef 148def 252c 245cde 580a 553ab 373bc 395abc 281cd 230cde 100def
COPEPODA Calanoida 66 0.7874 0 10 2 3 5 5
69 0.6405 0 5 5 0 2 0 0 0
75 0.0119 0 0 0 0 0 3 13 0 24 31 5 34
Cyclopida 66 0.5420 10 26 20 21 14 14
69 0.0026 15b 116ab 167a 150a 143a 214a 146a 183a
75 0.0021 0b 3b 0b 0b 0b 0b 3b 8b 22ab 31ab 47ab 71a
Nauplii 66 0.0045 34a 22a 40a 48a 51a 91b
68 0.0004 5bc 0c 5bc 5bc 25b 10bc 47a
69 0.0017 183cd 163d 333abcd 184cd 222bcd 361abc 452a 387ab
75 0.0001 0e 8e 6e 34de 30de 61cde 103bcd 69dce 122bc 103bcd 158ab 230a
Total copepoda 66 0.2119 10 36 22 24 19 19
(exc. Nauplii) 69 0.0019 15b 121a 172a 150a 145a 214a 146a 183a
75 0.0002 0c 3bc 0c 0c 0c 3bc 16bc 8bc 46abc 62ab 52abc 105a
TOTAL ZOOPLANKTON 66 0.0001 1,159a 930b 315c 136d 128d 182c
68 0.0001 979d 1,012d 1,377dc 1,553c 4,995a 2,734b 2,468b
69 0.0001 1,153b 877cd 718de 551e 614e 1,014bc 1,127b 1,463a
75 0.0048 518b 638ab 677ab 800ab 777ab 968a 987a 730ab 727ab 539b 542b 553b
* Concentrations with the same letter (superscript) are not significantly different from each other (Tukey’s multiple range test)
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(a) (b)
Fig. 5.12 Variations in density (+ s.e.) of selected zooplankton taxa sampled every four
hours for 20 hours in ponds at Snobs Creek.  (a) Copepoda: calanoids (Trial 46),
cyclopoids (Trial 46) and nauplii (Trial 44),  (b) Cladocera:  Daphnia (Trial 44)
and Moina (trial 49).
(a) (b)
(c) (d)
Fig. 5.13 Mean daily changes in density of zooplankton taxa in four pond fillings at
Snobs Creek.  (a) Trial 66, (b) Trial 68, (c) Trial 69 (d) Trial 75.
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The significant (P<0.05) increase in density of copepods (excluding nauplii) that was
observed in Trial 69 between days 7 and 8 (15 ind./L to 121 ind./L) was due to a change in
cyclopoid copepod densities (Table 5.8).
Significant daily changes in total zooplankton density were observed in all four trials (Table
5.8).  The decline in density observed in Trial 69, especially between days 12 and 13, was
due to a reduction in the density of rotifers, especially Brachionus (Fig. 5.13c).  The increase
in zooplankton density in Trial 68 observed between days 12 and 13 was due to the
Polyarthra (Fig. 5.13b).
Dramatic changes in zooplankton density were observed during routine weekly monitoring
of ponds at Snobs Creek.  Often the greatest increases occurred between the first and second
week after filling (Fig. 5.3).  For example, density increases from 2 ind./L to 1,286 ind./L,
2 ind./L to 438 ind./L and 36 ind./L to 1,808 ind./L were observed during the first and
second weeks after filling in Trials 28, 42 and 73, respectively (Fig. 5.14).  Another
substantial increase was observed in Trial 28 in the 3rd week after filling.  Equally great
decreases were also observed, particularly during the 3rd and 4th weeks after filling, or later
(Fig. 5.3).  For example, decreases were observed in the 4th week during Trial 28 (2,420
ind./L to 741 ind./L), in Trial 42 between weeks 4 and 5 (686 ind./L to 193 ind./L), Trial 73
between weeks 3 and 4 (1,007 ind./L to 342 ind./L), and Trial 76 between weeks 4 and 5
(6,621 ind./L to 953 ind./L) (Fig. 5.14).
In most cases, these major fluctuations in zooplankton density were due to changes in the
abundance of rotifers.  The “spikes” in density that were observed in Trials 28 and 73 were
due to both Brachionus and Polyarthra while the “spike” in Trial 76 was a result of a bloom
of Conochilus.
Zooplankton density and composition varied from one month to the next (Fig. 5.15a).  Mean
densities observed in January were more than twice as great as any other month.  This trend
was due to the considerably higher densities of copepod nauplii and rotifers occurring in this
month.  Densities of all taxa declined in later months (Fig. 5.15a).
Seasonal variations in zooplankton density were observed during the study.  Mean
zooplankton densities were lowest during the 1995/96 season than any other season (Fig.
5.15b).
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(a) (b)
(c) (d)
Fig. 5.14 Weekly changes in zooplankton density in four pond fillings at Snobs Creek.
(a) Trial 28, (b) Trial 42 (c) Trial 73 and (c) Trial 76.
(a) (b)
Fig. 5.15 Comparison of mean zooplankton densities at Snobs Creek by (a) month (all
data) and (b) season.
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5.3.4 Effects of fertilisation
Chlorophyll a concentrations increased dramatically following fertilisation (Fig. 5.16).
Nutrient concentrations (measured as TIN and orthophosphate) (see Chapter 4) increased
within two days of fertilisation.  Chlorophyll a concentrations were between 10 and 25 µg/L
on the day of fertilisation, but reached concentrations of 50-109 µg/L, 2-4 days following
fertilisation, which represented a 4-6 fold increase in concentrations.  In latter days, both
nutrient concentrations and chlorophyll a declined.
The densities of some zooplankton taxa appeared to respond to fertilisation events.  During
Trial 68, the densities of the rotifer Filinia increased 5-fold within four days of the
application fertilisers (Fig. 5.17a).  Densities of rotifers in other trials did not respond to the
fertilisation as dramatically as did the rotifers in Trial 68.  Cladoceran densities increased in
the days following fertilisation.  During Trials 68, 69 and 70 cladoceran densities increased
from <80 ind./L to more than 250 ind./L, 5 days after fertilisation (Fig. 5.17b).  Copepod
nauplii showed a gradual increase in densities in the days following fertilisation (Fig. 5.17c),
but responses to pond fertilisation by adult copepods were not obvious (Fig. 5.17d).
5.4 DISCUSSION
5.4.1 Species composition and abundance
Phytoplankton
Algal species recorded from fry ponds at Snobs Creek were typical of aquaculture ponds and
small eutrophic temperate lentic water bodies.  Fifteen of some 30 genera reported in a
literature survey of algae commonly found in warmwater fish ponds (Lin 1986), and 16 of
38 algal genera recorded from fry rearing ponds at IFRS, Narrandera, NSW (Culver and
Geddes 1993), were observed in ponds at Snobs Creek.  Eutrophic waters in temperate
lakes are characterised by late summer blooms of Cyanophyta (especially Anabaena) often
have large summer growths of Chlorophyta (eg. Padorina, Pediastrum, Scenedesmus,
Ankistrodesmus, Chlorella etc.), which become especially abundant in small lakes and ponds
(Round 1981).  Growths of these genera were commonly observed in fry ponds at Snobs
Creek during summer months suggesting that the algal communities of fry rearing ponds are
typical of, and similar to, small lakes and ponds.
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Fig. 5.16 Change in TIN, orthophosphate (Phos.) and chlorophyll a concentrations
following fertilisation. (a) Trial 66, (b) Trial 68, (c) Trial 69, (d) Trial 75.
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Fig. 5.17 Effect of addition of fertilisers (MAP and AS) on zooplankton densities in four
ponds (Trials 66, 68, 69 and 75) at Snobs Creek.  (a) Rotifers, (b) Cladocerans, (c)
Copepod nauplii and (d) Copepods (excluding nauplii).
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Dense blooms of species of Cyanophyta (blue-green algae) often plague aquaculture ponds
causing problems such as oxygen depletion during the night and high levels of pH during the
daylight hours (Sevrin-Reyssac and Pletikosic 1990; Paerl and Tucker 1995).
Anabaena was often seen in the ponds at Snobs Creek, but dense problematic blooms did not
develop.  The relationships between chlorophyll a and water chemistry (such as pH and
dissolved oxygen) are further explored in Chapter 10.
Concentrations of chlorophyll a in fry rearing ponds at Snobs Creek were commonly 10-50 µ
g/L, but reached a maximum of 185 µg/L (mean 29.37 µg/L).  These concentrations are not
exceedingly high when compared to concentrations in other pond aquaculture systems.  The
average concentration of chlorophyll a in fertilised ponds at Auburn University (Alabama
USA) was 62.7 µg/L (Boyd 1973), whereas concentrations in fertilised ponds in Israel were
from 103.4 to 212.3 µg/L (Hepher 1962).  Even greater concentrations (450 - 605 µg/L)
have been recorded in commercial channel catfish ponds in the United States during summer
(Tucker and van der Ploeg 1993).
The present study showed that secchi disk visibility decreased with increasing chlorophyll a
concentrations.  Secchi disks have been used to assess water turbidity and, in aquaculture
ponds, an index of phytoplankton concentration (Almazan and Boyd 1978; Jamu et al.
1999).  However, as indicated by Jamu et al. (1999), non-phytoplankton sources of turbidity,
such as colloidal particles, may reduce the significance of this relationship.  In fact, Almazan
and Boyd (1978) cautioned against using secchi depth visibility as an indicator of
phytoplankton concentration in cases where plankton was not the primary source of
turbidity.
Zooplankton
The species list compiled during the present study indicated that species of rotifers,
cladocerans and copepods were most common and abundant in the zooplankton of fry
rearing ponds at the locations sampled.  Species composition observed in the ponds at Snobs
Creek was similar to those observed in rearing ponds at the IFRS, Narrandera NSW
(Arumugam 1986b; Culver and Geddes 1993; Arumugam and Geddes 1996).  Despite the
presence of a diverse rotifer (650 species), cladoceran (200 species) and copepod (>200
species, mostly undescribed) fauna in Australia (Shiel 1995; Shiel and Dickson 1995, R.
Shiel, pers comm.), zooplankton communities in the fry rearing ponds studied typically
consisted of a relatively small number of species, which were common and abundant,
whereas the majority of other species were uncommon and/or in low abundance.  The more
common and abundant taxa in the plankton of the ponds at Snobs Creek, which included
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Asplanchna, Filinia, Brachionus, Moina, Daphnia, Boeckella and Mesocyclops, are typical
of pelagic environments.  Those species of Rotifera, Cladocera and Copepoda that were in
low abundance or rarely encountered in the plankton, such as Lecane and bdelloid rotifers,
chydorid cladocerans and harpacticoid copepods, may have been more typical of littoral or
epibenthic environments (Shiel 1995).
The major rotifer taxa observed in ponds at Snobs Creek were Asplanchna, Filinia,
Brachionus and Keratella.  These genera are ubiquitous and typical of fry rearing ponds
elsewhere (Milstein et al. 1985b; Arumugam 1986b; Urabe 1992; Culver and Geddes 1993).
Rotifers were often more abundant in the plankton than any other zooplankton taxa, as is
typical of fry rearing ponds (Jenkins 1995; Li et al. 1996).
Both Daphnia and Moina are widely represented in the plankton of fry rearing ponds
(Milstein et al. 1985b; Chakrabarti and Jana 1992; Culver and Geddes 1993).  Moina was
more abundant and more common than Daphnia, and usually appeared in the plankton after
filling ponds earlier than Daphnia.  Many studies have emphasised the importance of
Daphnia in fry rearing ponds especially as they tend to be a major food item for fry (Geiger
1983b; Arumugam and Geddes 1988).  But in ponds and at Snobs Creek, Moina was
considered to be more important than Daphnia due to its higher abundance at the time of
stocking the ponds, and importance in the diet of percichthyid fry, as indicated from diet
analyses in the present study (see Chapter 8).
Copepod nauplii were the most frequently encountered taxa in the plankton of ponds
sampled during the present study (96% of samples at Snobs Creek).  The abundance of
nauplii initially peaked in 3rd to 4th weeks after filling, which was followed by a second
smaller peak about 5-6 weeks later.  This cycle may correspond with the lifecycle turnover
of copepods which often take about 24 days to reach optimum reproductive capacity (Allan
1976).  Cyclopoid copepods occurred less frequently in plankton samples than did calanoid
copepods, but were generally more abundant.
5.4.2 Spatial patterns
Phytoplankton
Studies into the patchiness (vertical and horizontal distribution) of phytoplankton within
aquaculture ponds are limited, but have been widely investigated and observed in much
larger waterbodies, such as lakes and reservoirs (Round 1981; Jones 1991; MacIntyre and
Melack 1995).  Patterns in the distribution of phytoplankton within a water body may be due
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to the action of wind on the water surface as well as uneven heating of a water body
(MacIntyre and Melack 1995).  Patchiness in the distribution of phytoplankton may also be
the result of zooplankton grazing (Folt et al. 1993).  In the present study, significant
differences in chlorophyll a between sites was observed within one of five ponds
investigated only, which suggests that phytoplankton was well mixed in these ponds, at least
horizontally.  Use of mechanical aeration devices in the ponds, which were intended to
maintain DO concentrations and prevent stratification from occurring (Lai-Fa and Boyd
1988; Rogers 1989), may have reduced the incidence of patchiness of phytoplankton.
Vertical patterns in phytoplankton distribution have been reported in deep waterbodies
(Jones 1991).  Vertical distribution patterns were not assessed as part of the present study as
samples were collected from the ponds using an integrated sampling method.  These patterns
are less likely to have occurred in ponds during the present study as their depths were
relatively shallow (< 2 m), and were regularly flushed and mixed with mechanical aeration
devices.  However, a build-up of surface slicks of Anabaena (Cyanophyta) and
Euglenophyte algae were observed on the windward edge of some ponds during the study.
Changes in species composition and abundance can vary greatly, even between adjacent
ponds receiving identical treatments (Boyd 1973, 1990).  Rosenzweig and Buikema (1994)
observed similar phytoplankton successional patterns in 12 ponds but community structure
between ponds was not similar at any time.  The causes of these differences are often
unknown and may be due to a wide range of variables, including species composition
nutrient inputs (concentrations and composition), light and temperature (Prescott 1969;
Reynolds 1984), operating singularly or in synergy with each other.  The higher chlorophyll
a concentrations observed in Pond 16 over the other four ponds at Snobs Creek may have
been due, in part, to the different design and shape of the pond (see Chapter 2).  In addition,
approximately 1/3-1/2 of Pond 16 could not be properly prepared (harrowing etc.) prior to
filling due to groundwater seepage.  As a result, a considerable area of grass growing in the
boggy area of the pond would decay following filling and, presumably, contribute additional
nutrients to the pond.
Zooplankton
This study has shown that zooplankton abundance and composition varied within ponds,
between ponds and between locations.  Within ponds, localised concentrations of
zooplankton occurred at different sites.  Malone and McQueen (1983) observed distinct
patches in the horizontal and vertical distribution of cladocerans and rotifers in small lakes,
and Verreth (1990) found that Bosmina tended to aggregate in the centre of Dutch fish
ponds.  In the same ponds copepod nauplii were concentrated on the leeward side.  In one
pond at Snobs Creek (Trial 44) the abundance of Daphnia was significantly greater in the
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shallow section of the ponds than other sites.  Factors influencing the horizontal distribution
of zooplankton are species specific (Folt et al. 1993).  Patchiness in zooplankton may be due
to species specific migration patterns, shore avoidance, food availability, predation pressure
and wind induced patterns (Verreth 1990; Visman et al. 1994; Lacroix and Leschermoutoue
1995; Wicklum 1999).  Use of mechanical aeration devices in the ponds may have reduced
the incidence of patchiness within the zooplankton.  On the other hand, some zooplankton
species may have actively avoided areas of turbulence caused by these devices, thereby
contributing to patchiness.
Changes in zooplankton composition and abundance can vary greatly, even between adjacent
ponds receiving identical treatments and locations.  Jenkins (1995) observed differences in
zooplankton community composition between 12 ponds sampled throughout a year.  The
causes of these differences may be due to a range of variables, including water and soil
chemistry, nutrient inputs and phytoplankton composition and abundance (Wohlfarth and
Moav 1968; Buck et al. 1970; Boyd 1990; Rosenzweig and Buikema 1994), controlling
reproductive capacity and rate of reproduction.  Differences in the standing crop of resting
eggs within the pond soils at the time of filling may have contributed to differences in
composition and abundance in adjacent ponds.  Boulton and Lloyd (1992) suggested that
differences in faunal composition and biomass among replicates of floodplain sediments
from areas of different flooding frequency was due to patchiness in microtopography and
resting stage settlement, and variable hatching strategies.
5.4.3 Temporal patterns
Phytoplankton
Initial peaks in chlorophyll a concentrations generally occurred in the second week after
filling the ponds, which was subsequently followed by a second, smaller peak, usually in the
7th week.  In comparison, a brief bloom in phytoplankton abundance in ponds at IFRS,
Narrandera initially occurred within the first few days after filling in November, and was
then followed by much larger peaks in abundance during the second week after filling
(Culver and Geddes 1993).  Such differences in bloom dynamics may be due to a wide
range of variables including species composition, nutrient concentrations and composition,
light, water temperatures (Prescott 1969; Reynolds 1984), and other factors associated
with geographical location.
Significant diurnal changes in chlorophyll a concentrations were observed in ponds at Snobs
Creek during the present study.  Other studies have shown that diurnal patterns in
phytoplankton abundance occur in ponds.  Ahmad et al. (1995) showed that phytoplankton
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in two ponds was at a maximum during dawn (0400 and 0800 hours) and at a minimum near
dusk (2000 hours), which were attributed to diurnal fluctuations in the physico-chemical
properties of the water.  Bhattacharya et al. (1988) also observed that phytoplankton
abundance peaked between early morning and midday and was lowest at night (1800 - 0200
hours).  However, these patterns were not observed in chlorophyll a concentrations in the
ponds at Snobs Creek during diurnal sampling.
Up to a two-fold change in chlorophyll a concentrations was observed in ponds at Snobs
Creek during diurnal sampling.  But more dramatic changes in chlorophyll a concentrations
were observed during daily sampling, in which as much as a 170% change in concentration
was observed.  Algal populations have the ability to exponentially increase population
densities by a cell division, which may range from less than 1 division/day to 11.5
divisions/day (Reynolds 1984).  “Spikes” in chlorophyll a concentrations may be a response
to increases in nutrient concentrations following fertilisation of the ponds (See Chapter 4).
Patterns in mean monthly chlorophyll a concentrations differed from one season to the next
in ponds at Snobs Creek.  The relatively short period of sampling (4-5 months each season)
did not allow for a more detailed examination of seasonal patterns (i.e. comparison between
summer and winter), nevertheless, slightly higher concentrations were observed in later
months (January-March).  These months, on average, had higher water temperatures (see
Chapter 4) and generally longer daylengths, which may have favoured phytoplankton
production.
Zooplankton
Diurnal variations in the abundance of calanoids, cyclopoids, copepod nauplii, Moina,
Daphnia and some rotifers were observed in the current study.  Guiral et al. (1994) did not
observe diel variations in densities of three rotifer species in tropical ponds.  In contrast,
Bhattacharya et al. (1988) found that zooplankton densities were higher in samples collected
at night.  Diel vertical migration is well known in amongst zooplankton taxa and is often
related to predation pressure and food resources (Ringelberg 1993).  Lieschke and Closs
(1999) indicated that diel vertical migration by certain zooplankton taxa was related to the
intensity of predation, and suggested that cladoceran taxa suffering intermediate levels of
predation by Australian smelt (Retropinna semoni) tended to avoid surface waters during the
day.  Use of an integrated sampling device in the present study did not allow for vertical
patterns in abundance and composition to be detected.  Further, this device may not have
adequately sampled plankton from near the pond substrate and as a result the abundance of
zooplankton taxa that migrated towards the substrate during daylight hours to avoid
predation may have been underestimated in some samples.  During the present study,
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cyclopoids were higher in abundance in the zooplankton during the night, and were
frequently observed in benthos sampled collected during daylight hours (Chapter 6).
Cyclopoids are predominantly benthic, occurring in shallow and/or vegetated habitats such
as the edges of ponds (Williams 1980; Dussart and Defaye 1995) but, as suggested by the
present study, may move into open waters during the night.
Daily changes in zooplankton densities were observed in ponds at Snobs Creek.  Often,
significant changes in densities were due to sudden changes in the densities of rotifers such
as Polyarthra (648 ind./L to 3,114 ind./L overnight), which reflects the reproductive
potential of this taxonomic group.  Rotifers have such a short lifespan that their peak
reproductive period only lasts about 3-4 days (Allan 1976).  Consequently, the rate at which
blooms develop is extremely fast, and maximum densities may be reached in a matter of
days (Tan and Shiel 1993).
Zooplankton densities were generally highest in January, which corresponded with the
highest temperatures during the season (January - March), and highest concentrations of
phytoplankton (January - March), suggesting that both temperature and food availability (at
least for herbivores), influence zooplankton abundance.  Irvine and Waya (1999) associated
marked seasonal variation in zooplankton production with increases in phytoplankton
abundance.  Wolfinbarger (1999) observed a decline of some cladoceran species when
temperatures exceeded 25oC.
Zooplankton densities in ponds at Snobs creek reached a maximum density (maximum 6,621
ind./L;  mean 721 ind./L) during the first few weeks following filling and fertilisation.
Similar zooplankton densities have been observed in experimental nursery ponds (Orissa,
India) (densities up to 8,040ind./L) (Patnaik et al. 1988).  However, considerably higher
zooplankton densities have been observed in ponds elsewhere.  For example, Culver and
Geddes (1993) observed densities of Brachionus only up to 12,100 ind./L in ponds at the
IFRS, Narrandera (NSW).
The rates at which blooms develop in fertilised ponds varied considerably during the present
study.  Zooplankton blooms at Snobs Creek initially peaked in the 1st to 7th week (mean
third week) after filling, whereas blooms generally peaked 2-3 weeks after filling at the
IFRS, Narrandera (Culver and Geddes 1993).  These variations may be due to prevailing
environmental conditions at the time of filling and fertilisation, including temperature,
rainfall, dissolved oxygen, total alkalinity, nutrient loadings and phytoplankton composition
and abundance (Boyd 1990; Ludwig 2000).  Ludwig (1993) found that the time taken for
rotifers to reach an initial peak in fry culture ponds was inversely related to temperatures.
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The ponds at Snobs Creek were filled with water from a cool mountain stream (8 – 19oC)
which may have limited development of blooms in the days following filling until
temperatures increased to ambient static pond temperatures.
As the water source for ponds at Snobs Creek was extremely low in zooplankton (<1.0
ind./l), much of the zooplankton that occurred in the ponds was presumably derived from
other sources.  Rotifers, cladocerans, and copepods typical of the ponds at Snobs Creek, have
a resting or dormant stage (egg or diapause copepodite) within their lifecycle, which resists
desiccation and allows them to survive dry periods.  These stages may lie dormant in the
substrate until certain environmental stimuli encourage the resumption of the lifecycle
(Dodson and Frey 1991; Wallace and Snell 1991; Dussart and Defaye 1995).  Other sources
may include resting stages carried into the ponds by winds or on the bodies of water birds
(Wallace and Snell 1991).
The initial development of blooms of different taxa following filling reflects the reproductive
potent of different taxonomic groups.  Rotifers are one of the first invertebrates to bloom in
the plankton of fry ponds (Guiral et al. 1994), as observed in the present study.  Having a
very short lifespan and a reproductive period lasting a few days only (Allan 1976), rotifers
are capable of developing blooms very quickly and peak densities may occur within days of
inundation (Tan and Shiel 1993).  In contrast, cladocerans reach maturity and are capable of
reproducing in about 7 days (at 20oC), but usually require about 14-15 days to reach their
optimum reproductive capacity, whereas copepods reach maturity in about 14 days (at 20oC),
but often require about 24 days to reach optimum reproductive capacity (Allan 1976).
Succession patterns observed in the zooplankton of ponds at Snobs Creek were variable (eg.
Fig. 5.13 and Fig. 5.14).  However, the initial development of blooms tended to follow a
relatively predicable pattern of succession.  Rotifers were often the first taxa to bloom in the
ponds followed by Moina, copepod nauplii and cyclopoids, then Daphnia and calanoids.  A
similar pattern of succession has been observed in ponds filled at the IFRS, Narrandera
(Arumugam and Geddes 1996).
With a degree of predicability, zooplankton in fertilised rearing ponds, undergo a profound
decline in abundance about 4-5 weeks after filling, with or without fish being present
(Culver et al. 1984; Geiger et al. 1985; Culver et al. 1993).  This pattern was also observed
in ponds at Snobs Creek.  Blooms reached an initial peak in density in about 2-4 weeks
following filling, but subsequently declined in the 5-7 weeks after filling.  This pattern is
presumably caused by a combination of predation by fish and a reduction in the availability
of edible algae (Michaletz et al. 1983; Culver 1988).  Phytoplankton abundance (as
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chlorophyll a) in ponds at Snobs Creek typically declines in the third to fourth weeks
following filling.
5.4.4 Effects of fertilisation
Addition of fertilisation to simulate the growth of phytoplankton is commonly practised in
aquaculture ponds (Geiger 1983b; Milstein et al. 1985a; Anderson 1993b; Lin et al. 1997).
The present study showed that chlorophyll a concentrations increased following the
application of fertilisers.  Phytoplankton communities are highly responsive to changes in
nutrient concentrations (Round 1981), as was indicated in the present study.  Water
chemistry analysis showed that substantial increases in nutrient concentrations in the ponds
(TIN and orthophosphate) occurred within 48 hours of fertilisation (see Chapter 4).  These
nutrients were apparently rapidly taken up by the phytoplankton in the subsequent days, and
may have accounted for the declines in nutrient concentrations observed in latter days.
The positive response of zooplankton to fertilisation events is linked to increases in the
abundance of primary producers (phytoplankton) (Lewis 1979; Delince 1992).
Phytoplankton blooms resulting from fertilisation may vary in species composition
depending the types and ratios of nutrients applied, as well as prevailing environmental
condition such as light temperature, wind etc. (Prescott 1969; Round 1981; Boyd 1990).  The
species of rotifer, copepod and cladoceran that multiply following a phytoplankton bloom
may depend on the size classes and species composition of the phytoplankton community.
Small algae in the range of 1-25 µm are the most important component in the diet of
Daphnia (Lampert 1987).  Bucka et al. (1993) found that rotifer densities were dependent on
the abundance of euglenoids and green algae whereas densities of copepods were dependent
on green algae and Chrysophyceae.  The dynamics of zooplankton populations may also be
affected by other factors, including temperature, competition, predation, parasitism and
water quality (Dodson and Frey 1991; Wallace and Snell 1991; Williamson 1991).
However, other factors may influence changes in abundance and composition of zooplankton
communities besides fertilisation events.  These may include water quality (temperature, pH,
hardness, etc), food availability, competition, and predation (Lewis 1979; Evans 1986;
Threlkeld and Choinski 1987; Boyd 1990; DeVries and Stein 1992).  Interactions between
zooplankton and other parameters (water chemistry, fish, phytoplankton etc) are discussed in
Chapter 10.
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6 MACROBENTHOS
(CHIRONOMIDS & OLIGOCHAETES)
6.1 INTRODUCTION
Aquatic macoinvertebrates are an important component of aquatic ecosystems because of
their abundance and the wide range of niches and trophic levels they occupy (Williams 1980;
Thorp and Covich 1991; Ingram et al. 1997; Ingram 1997).  In fry rearing ponds these may
include aquatic insects (Ephemeroptera, Odonata, Hemiptera, Coeloptera, Diptera and
Trichoptera), crustaceans, aquatic annelids and molluscs (see Appendix I).  While many of
these may occur in open waters some groups are abundant in the benthos, especially the
larvae of Chironomidae (Diptera) and Oligochaeta (Annelida).
Studies have shown that chironomids and oligochaetes are ubiquitous and often abundant in
the benthos of aquaculture ponds (White 1986; Matena 1989; Vikram and Malla 1989;
Stirling and Wahab 1990; Wahab and Stirling 1991).  Chironomid larvae commonly occur in
the diet of fry of many species of fish reared in ponds (Adamek and Sanh 1981; White 1986;
Arumugam and Geddes 1987; Fox 1989; Stirling and Wahab 1990; Papoulias and Minckley
1992; Rowland 1992).  The activity of chironomid larvae in pond sediments may also
influence both substrate and water chemistry, such as cycling of nutrients (Pinder 1986,
1995; Tokeshi 1995b).
Distribution of aquatic chironomid larvae, abundance and species composition may be
influenced by a variety of factors including water depth, substrate type and stability, oxygen,
bacterial loading, organic matter content and species interactions (Danks 1971; Beattie 1982;
Pinder 1986; Sankarperumal and Pandian 1992; Francis and Kane 1995; Pinder 1995).
Seasonal patterns of chironomid larval abundance in fish ponds have been described (eg.
Wahab and Stirling 1991; Jana and Manna 1995; Janecek 1995).
Chironomid larvae are an important component in the diet of percichthyid fry reared in
ponds and have been identified from the stomach contents of Murray cod (Rowland 1992),
trout cod (Ingram and Rimmer 1992) and golden perch (Arumugam and Geddes 1987;
Barlow et al. 1987).  However, there have been no documented attempts to study the biology
and ecology of chironomid larvae in freshwater aquaculture ponds in Australia, including the
quantification of their abundance.  Predation by fish influences the species composition and
structure of chironomid larvae populations (Gilinsky 1984; Hershey 1985; Wahab et al.
1989; Macchiusi and Baker 1991).
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The family Chironomidae in Australia contains more than 200 species in 86 genera (Colless
and McAlpine 1991).  Studies of chironomid larvae in Australia have been limited, usually
restricted to non-quantitative reports of incidence and taxa present, such as in monitoring
river health programs (Chessman 1995).  Descriptions of chironomid assemblages have been
undertaken in floodplains along the Murray River (Hillman and Nielsen 1995; Suter et al.
1995), and aspects of the biology of the Chironomus tepperi Skuse, a pest of flooded rice
fields, has been documented (Stevens 1994, 1995).  However, Maher and Carpenter (1984)
reported densities of larvae in the order of 70,000 ind./m2 in waterfowl breeding habitats in
south-western NSW.
Aquatic oligochaetes are common in the sediments of freshwater habitats and studies of
aquaculture ponds overseas have shown them to be highly abundant in the benthos (Stirling
and Wahab 1990).  Oligochaetes, such as Tubifex and Lumbriculus, are also widely cultured
as food for fish (Mason 1994).  However, there have been no attempts to quantify numbers
in aquaculture ponds in Australia.  In fact, studies of Australian aquatic oligochaetes have
been generally limited mostly to taxonomic works such as Pinder and Brinkhurst (1994).
The aim of the present study was to investigate the macrobenthos, especially chironomids
and oligochaetes, of fry rearing ponds at Snobs Creek, in particular to describe species
composition and abundance and to determine if chironomid and oligochaete populations are
influenced by the presence of fish.
6.2 MATERIALS AND METHODS
Species composition and abundance of chironomid larvae and pupae were determined from
samples collected from the substrate of four fry rearing ponds (Ponds 12 to 15) over two
consecutive seasons (1992/93 and 1993/94).  A total of 370 separate core samples from 13
pond fillings were collected during this study.  Techniques describing the collection and
processing of samples (sorting of samples, preservation and identification) are provided in
Chapter 2.  Samples were not collected from Pond 16 due to the higher proportion of organic
material that reduced the ability of the coring device to retain substrate material during
withdrawal from the pond.  Additional information on chironomid species composition was
also collected from examination of the gut contents of fish reared in the ponds (see Chapter
8), and from sampling of zooplankton in the open water of the ponds (see Chapter 5).
Oligochaetes collected in core samples were counted but not identified.  However, some
specimens were mounted in polyvinyl alcohol and identified using keys provided by Pinder
and Brinkhurst (1994).
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Sampling of ponds to determine pond depth preference was performed in five pond fillings
(Trial Nos 42, 43, 44, 45 and 49) during the 1992/93 season only.  During sampling of these
ponds, four core samples were collected from randomly selected sites in the deep (two
samples), middle (one sample) and shallow (one sample) sections of each pond.  These data
were not analysed for statistical significance.
Chironomids generally have four larval instars before reaching the pupal stage (Oliver 1971).
The relationship between head capsule length and mandible length, or length frequency
distribution of head capsule length and mandible length from chironomid larvae collected
from both core samples and the stomachs of fish were used to determine larval instars for
common chironomid species.  These were Chironomus cf. tepperi, Polypedilum cf. nubifer,
Procladius cf. paludicola and Orthocladiinae spp.  All measurements were undertaken using
either a dissecting microscope or compound microscope, each fitted with a calibrated
eyepiece micrometer.
The effects of the presence of fish on chironomid species composition and abundance and
oligochaete abundance was investigated in three pond fillings (Trials 45, 73 and 74).  Prior to
filling each pond, a cage (4.0 m2), fitted with flymesh (1mm x 2mm mesh) to exclude fish,
was placed into each of pond.  Cages were open-ended.  The base of each cage was buried
into the substrate, while the top protruded above the water surface.  After filling each pond
was stocked with fish.  Trial 45 was stocked with Macquarie perch (initial length 40.0 mm,
density 8.4 fish/m2), Trial 73 with trout cod (initial length 16.3 mm, density 15.2 fish/m2)
and Trial 74 with Murray cod (initial length 18.5 mm, density 19.6 fish/m2).  Four replicate
core samples were each taken from randomly selected sites inside the caged area and the
pond outside the cage, weekly until the ponds were drained and harvested.  Due to the low
abundance of chironomid larvae of most species, only data for all chironomid larvae
combined and the three most common taxa (Chironomus, Polypedilum, and Procladius)
were analysed.  Additionally, the abundance of the different instars for these taxa were also
analysed.
Abundance data were analysed using the General Linear Model Procedure (SAS Version 6.1
software, SAS Institute, Inc., Cary, North Carolina, USA) by applying the model:
Where: Site = Treatment (cage versus pond)
Time = Days after filling
)( Error+ Site × Time(interaction)Time(covariate)Site(effect)= + +Taxaabundance
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to test for a significant difference (0.1 level) in species abundance between the sites (cage
effect) and a significant difference (0.1 level) in change in abundance over the duration of
each trial (interaction between site effect and time).
6.3 RESULTS
Chironomid larvae and oligochaetes were the most frequently encountered and common
macroinvertebrates in the benthos of the fry rearing ponds studied.  Chironomid larvae
occurred in 96% of the samples and oligochaetes were present in 79% of the samples.
Chironomid larvae on average represented 51% of the combined abundance of chironomid
larvae and oligochaetes from the samples.  The gastropod, Physa acuta, was often collected
in samples and was by far the most abundant snail in fry rearing ponds.  Ostracods and
cyclopoid copepods were frequently observed in samples.  Nematodes were abundant and
present in all samples.  Densities in some samples exceeded 112,600 ind./m2, but these
figures were an underestimation of densities as many of the smaller species of nematode
would not have been retained on the 250µm sieve used to process samples.  A complete list
of other invertebrates collected from fry rearing ponds is presented in Appendix I.
6.3.1 Chironomidae
Species composition and abundance
A total of 3,076 chironomid larvae and 59 chironomid pupae, representing 17 taxa groups,
were collected from core samples and the stomachs of fish during sampling of ponds (Table
6.1).  Species belonging to the subfamily Chironominae were more abundant and common
than species belonging to the Orthocladiinae and Tanypodinae combined.  The more
common taxa collected were Chironomus (28%), Polypedilum (26%), Procladius (15%) and
Orthocladiinae spp. (8%), that together accounted for 77% of all larvae collected (Fig. 6.1).
Chironomid pupae were less frequently collected than larvae, representing less than 2% of
the total number of chironomids collected during the study.
Ten of the 17 taxa were collected from both core samples and the stomachs of fish (Table
6.1).  Coelopynia pruinosa, Orthocladiinae spp. and Thienemanniella sp. were collected
from the core samples only, whereas Cladotanytarsus sp., Cricotopus sp., Dicrotendipes sp.
and Reithia sp. were collected from the stomachs of fish only (Table 6.1).  Kiefferulus
martini was more often collected in the stomachs of fish (11% of chironomids collected)
than from core samples (<1% of chironomids collected) (Table 6.1).
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Table 6.1 Number and percentage of chironomid larvae and pupae collected from fry
rearing ponds (core samples and the stomachs of fish) at Snobs Creek.
LARVAE PUPAE
Taxa Ponds Fish
stomachs
TOTAL Ponds Fish
stomachs
Total
No. % No. % No. %
Chironominae
  Chironomus sp. 659 30 225 25 884 28 7 10 17
  Cladopelma sp. 83 4 5 1 88 3 0 2 2
  Cladotanytarsus sp. 0 2 <1 2 <1 0
  Coelopynia pruinosa 44 2 0 44 1 0
  Cryptochironomus sp. 49 2 21 2 70 2 1 0 1
  Dicrotendipes 0 2 <1 2 <1 0
  Kiefferulus martini 8 <1 95 11 103 3 0
  Kiefferulus "tinctus" 11 1 15 2 26 1 0
  Paratanytarsus sp. 27 1 50 6 77 2 2 0 2
  Polypedilum cf. nubifer 616 28 206 23 822 26 2 2 4
  Reithia 0 1 <1 1 <1 0
  Tanytarsus spp. 45 2 35 4 80 3 0
Orthocladiinae
  Cricotopus sp. 0 2 <1 2 <1 0
  Thienemanniella sp. 1 <1 0 1 <1 0
  Orthocladiinae spp. 252 12 0 252 8 0
Tanypodinae
  Ablabesmyia cf notabilis 8 <1 4 <1 12 <1 0 1 1
  Procladius cf. paludicola 291 13 182 20 473 15 0 12 12
Unidentified 91 4 46 5 137 4 5 15 20
TOTAL 2,185 891 3076 17 42 59
Fig. 6.1 Composition of chironomid larvae sampled from fry rearing ponds at Snobs
Creek (percent of total number of chironomids collected from core samples and
the stomachs of fish).
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Taxa belonging to the Orthocladiinae were less abundant than other subfamilies.  One taxa
group, the “Orthocladiinae spp.”, was of particular interest as 33% of all specimens collected
were encased in a “cocoon” constructed of sand grains (Fig. 6.2).  Cocoons were
approximately 0.53 – 0.81 mm (mean 0.65 mm + 0.01 s.e.) in diameter and grains sizes were
12 – 83 µm (mean 45.6 µm + 5.7 s.e.) in diameter.  Examination of the mandible length/head
capsule length relationship suggested that two instars only (instars 2 and 3) were found in
cocoons (see below for instar determination).  Four specimens only were collected of instar
4, all of which were free living.  For each month of sampling, the proportion of larvae that
were cocooned was 8% for November, 47% for December, 22% for January and 60% for
February.  These specimens could not be identified, but P. Cranston (pers. comm.) suggested
there may have been two undescribed species (cf. Mesosmittia/Parasmittia) in this taxa
group.
Mean densities of chironomids from 13 separate pond fillings are presented in (Fig. 6.3).
Larval densities ranged from nil to a mean maximum of 27,470 ind./m2 (overall mean
4,379 ind./m2) (Table 6.2).  Densities were mostly between 0 and 10,000 ind./m2 (Fig. 6.3).
Most species were first collected in samples during the second week after filling the ponds
and densities generally peaked between the third week and sixth week after filling (Table
6.2, Fig. 6.4).
Polypedilum was more abundant than any other taxa with densities reaching a maximum of
19,430 ind./L (mean 1,462 ind./l), followed by Chironomus which reached a maximum
density of 12,060 (mean 978 ind./L) (Fig. 6.4).  However, Procladius was encountered in
more samples (71%) than any other taxa (Table 6.2).
Fig. 6.2 Orthocladiinae sp. larva (left) and cocoon (right) (scale bar = 0.25 mm).
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Table 6.2 Summary of chironomid larvae densities collected from fry rearing ponds over two consecutive seasons.
Taxa Proportion of Density (ind./m2) Day1 first Week2 of
samples in Maximum Mean Mean appeared in first peak
which species (all samples) (when present) samples in density
present (%) (mean day) (mean week)
Ablabesmyia cf notabilis 5 670 15 335 11 (26) 3-5 (5)
Chironomus sp. 38 12,060 978 2,542 9 (17) 2-5 (3)
Cladopelma sp. 29 2,680 136 464 10 (23) 3-5 (4)
Coelopynia pruinosa 12 1,340 64 523 22 (29) 3-6 (4)
Cryptochironomus sp. 26 1,005 106 406 10 (21) 3-5 (4)
Kiefferulus martini 5 670 14 263 31 (37) 5-5 (5)
Kiefferulus "tinctus" 5 1,340 26 487 11 (27) 3-7 (5)
Orthocladiinae spp 55 7,035 275 504 2 (14) 1-5 (3)
Paratanytarsus sp. 10 838 35 346 13 (21) 2-6 (4)
Polypedilum cf. nubifer 54 19,430 1,462 2,715 5 (21) 1-5 (4)
Procladius cf. paludicola 71 6,030 729 1,030 10 (14) 3-5 (4)
Tanytarsus spp. 18 1,675 88 477 5 (23) 3-5 (4)
Thienemanniella sp. 1 335 3 335 43 7
TOTAL 96 27,470 4,379 4,554 2 (12) 1-5 (3)
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Fig. 6.3 Mean densities of chironomid larvae recorded from 13 fillings of four fry
rearing ponds at Snobs Creek.
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Fig. 6.4 Mean densities of common chironomid larvae in fry rearing ponds at Snobs
Creek.
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Densities of Chironomus were higher in the middle section of the ponds than either the deep
or shallow sections (Fig. 6.5a).  In contrast, the densities of both Polypedilum and Procladius
were generally higher in the shallow section than other sections of the ponds (Fig. 6.5b and
Fig. 6.5c).  Densities of Orthocladiinae spp. within the ponds were highly variable as
indicated by the large confidence limits (Fig. 6.5d), but did not appear to show a preference
to pond water depth.  Total chironomid densities were generally highest in the shallower
section of the ponds, followed by the middle and then the deep section (Fig. 6.5e).
Chironomid larvae were not frequently encountered in the open water of the ponds,
occurring in 12% of plankton samples.  When present, densities reached a maximum of 12
ind./L (mean 3 ind./L) (see Chapter 5).
Marked variations in the abundance of chironomids were observed between months and
seasons.  Chironomus was most abundant in the first half of the season (November and
December), but in last half was low in abundance (January) or absent (February) (Fig. 6.6a).
Similarly, the densities of Orthocladiinae spp. were highest in November and December, but
were considerably lower in latter months (Fig. 6.6b).  In contrast, Polypedilum was most
abundant in latter months (January and February), whereas samples collected in November
contained few or no Polypedilum (Fig. 6.6c).  Densities of Procladius were generally highest
during the middle of the season (December and January) (Fig. 6.6d).  These seasonal trends
were relatively consistent for the two seasons that chironomids were sampled.  However,
there were obvious differences in densities within months from one season to the next.
Chironomus densities in November of the first season were considerably lower than
observed in November of the second season (Fig. 6.6a).  Orthocladiinae spp. were not
collected in February of the second season (Fig. 6.6b).  Both Polypedilum and Procladius
were more abundant in the first season than in the second season (Fig. 6.6c and d).
These trends were reflected in the chironomid community structure which changed over the
course of a season.  In the first half of the season (November and December), Chironomus
was the most abundant and common chironomid in samples collected from the ponds (Fig.
6.7a).  Yet in the latter half of the season (January and February), Chironomus was in low
abundance or absent in samples while Polypedilum was by far the most abundant chironomid
(Fig. 6.7b).
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(a) (b) (c)
(d) (e)
Fig. 6.5 Mean density (95% confidence limits) of chironomids at different sites within fry
rearing ponds at Snobs Creek.  (a) Chironomus, (b) Polypedilum, (c) Procladius
(d) Orthocladiinae spp., and (e) total chironomids.
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Fig. 6.6 Mean monthly and seasonal variations in abundance  (and 95% confidence limits)
of chironomid larvae in ponds at Snobs Creek.  (a) Chironomus,
(b) Orthocladiinae spp. (c) Polypedilum and (d) Procladius.
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Fig. 6.7 Mean densities of common chironomid larvae in fry rearing ponds at Snobs
Creek collected in (a) November and December and in (b) January and February.
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Determination of chironomid instars
Based on mandible lengths and head capsule lengths, the larvae of Chironomus and
Procladius were separated into four instars, while Polypedilum and Orthocladiinae spp. were
separated into three instars (Fig. 6.8, Table 6.3).  Pupae were observed for Chironomus,
Polypedilum and Procladius, but not for the Orthocladiinae spp.
The larvae of Chironomus were first collected from ponds 9 days after filling.  Early instars
(1st and 2nd) of Chironomus were in highest proportions in the first weeks following filling,
but declined thereafter (Fig. 6.9a).  The highest proportions of 4th instar larvae occurred in
the 5th week following filling (Fig. 6.9a).  Pupae of Chironomus were not collected in
samples until the 24th day after filling.  Early instars of Polypedilum were collected from
ponds as early as five days after filling, while pupa were first collected 11 days after filling
(Fig. 6.9b).  Orthocladiinae spp. were collected from ponds as early as 2 days after filling
(both in cocoons and free living) while 4th instar larvae were first collected seven days after
filling.  The larvae of Procladius were collected from ponds within 10 days of filling, while
pupa were first collected 26 days after filling.  The proportions of instars of Procladius
collected from ponds were more or less consistent from one week to the next (Fig. 6.9c).
Abundance of chironomids in the absence of fish
The mean densities of both Chironomus and Procladius for all three trials, and Polypedilum
for Trials 45 and 73, were greater in the cage where fish were absent than in the pond where
fish were present, however, these trends were not significant at the 0.05 level (Table 6.4, Fig.
6.10).  In Trial 73, however, the mean density of total chironomids was significantly greater
at the 0.1 level in the cage (7,063 ind./m2) than in the pond (3,741 ind./m2) (site effect: F1,6 =
5.41; P = 0.059) (Fig. 6.10d).  In contrast, the mean density of Polypedilum (Trial 74) was
significantly greater in the pond (2,052 ind./m2) than in the cage (461 ind./m2) (site effect:
F1,6 = 6.41; P = 0.0446;  interaction: F1,6 = 7.81; P = 0.0314) (Table 6.4, Fig. 6.10e).  No
significant trends in the abundance of instars of Chironomus, Polypedilum and Procladius
were detected during the trials.
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(c) (d)
Fig. 6.8 Relationship between mandible length and head capsule length, and instars
(indicated by roman numerals) for (a) Chironomus, (b) Orthocladiinae spp. (c)
Polypedilum and (d) Procladius.
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Table 6.3 Body length, mandible length and head capsule length measurements for each
instar of Chironomus, Polypedilum, Orthocladiinae spp. and Procladius.
Instar Body length (mm) Mandible length (µm) Head capsule length (mm)
No. Range (mean + s.e.) No. Range (mean + s.e.) No. Range (mean + s.e.)
Chironomus
1 5 0.9 – 2.6 (1.5 + 0.30) 9 40 – 59 (55 + 2.2) 2 0.10 – 0.17 (0.14 + 0.04)
2 35 1.5 – 4.5 (2.9 + 0.13) 115 72 – 109 (86 + 0.8) 29 0.20 – 0.31 (0.25 + 0.01)
3 65 1.6 – 10.0 (5.0 + 0.20) 229 116 – 180 (144 + 0.9) 98 0.23 – 0.59 (0.43 + 0.01)
4 85 5.0 – 21.0 (12.0 + 0.42) 467 193 – 355 (259 + 1.0) 127 0.58 – 1.04 (0.76 + 0.01)
Pupa 7 6.0 – 7.6 (6.7 + 0.18)
Polypedilum
2 108 1.1 – 2.6 (2.0 + 0.03) 153 48 – 67 (59 + 0.3) 99 0.14 – 0.20 (0.16 + 0.01)
3 167 2.0 – 6.5 (3.3 + 0.05) 278 70 – 115 (96 + 0.4) 182 0.23 – 0.34 (0.27 + 0.01)
4 146 3.5 – 10.0 (6.6 + 0.13) 300 125 – 265 (153 + 0.6) 158 0.35 – 0.54 (0.43 + 0.01)
Pupa 3 5.0 – 6.0 (5.5 + 0.29)
Orthocladiinae spp.
2 55 1.4 – 2.86 (1.89 + 0.04) 92 36 – 67 (57 + 0.5) 18 0.13 – 0.18 (0.15 + 0.04)
3 25 1.7 – 3.0 (2.27 + 0.07) 91 70 – 94 (81 + 0.5) 22 0.18 – 0.25 (0.21 + 0.05)
4 4 1.84 – 5.0 (2.66 + 0.78) 22 105 – 290 (158 + 21) 0
Procladius
1 38 1.0 – 5.0 (2.0 + 0.08) 60 34 – 65 (53 + 0.9) 34 0.13 – 0.33 (0.22 + 0.01)
2 71 1.4 – 4.5 (3.0 + 0.08) 148 65 – 99 (80 + 0.6) 65 0.25 – 0.46 (0.35 + 0.01)
3 57 2.5 – 7.0 (4.7 + 0.13) 185 100 – 145 (123 + 0.7) 63 0.39 – 0.69 (0.55 + 0.01)
4 18 6.1 – 11.0 (8.7 + 0.36) 40 154 – 325 (193 + 3.9) 15 0.68 – 1.03 (0.87+ 0.03)
Pupa 1 5.5
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Fig. 6.9 Proportion of instars collected from each week from day of filling ponds.
(a) Chironomus (b) Polypedilum (c) Procladius .  (Instar 5 = pupa).
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Table 6.4 Mean densities of chironomid larvae in cages where fish were absent and in
ponds where fish were present during three different trials in ponds at Snobs
Creek.
Species Mean density (ind./m2 +s.e.)*
Trial 45 Trial 73 Trial 74
Cage Pond Cage Pond Cage Pond
Chironomus
0 0 5,165 + 871 2,094 + 506 293 + 136 42 + 42
Polypedilum
2,345 + 644 1,549 + 333 28 + 28 0 461 + 146a 2,052 + 709b
Procladius
503 + 178 335 + 106 279 + 89 279 + 80 1,005 + 267 503 + 189
Total chironomids
3,141 + 697 2,387 + 346 7,063 + 1,105a 3,741 + 599b 2,973 + 638 3,936 + 823
* Densities with the same letter (superscript) are not significantly different from each other
(Tukey’s multiple range test)
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(a) (b)
(c) (d)
(e) (f)
Fig. 6.10 Mean density of chironomid larvae (+ s.e.) in cages without fish and in ponds
where fish were present.  (a) Polypedilum (Trial 45), (b) Total chironomids
(Trial 45), (c) Chironomus (Trial 73), (d) Total chironomids (Trial 73), (e)
Polypedilum (Trial 74) and (f) Total chironomids (Trial 74).
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6.3.2 Oligochaetes
A total of 4,152 oligochaetes were collected from core samples during the present study.  Of
the oligochaetes that were mounted on microscope slides and identified, Lumbriculus
variegatus was the most common in the benthos of fry rearing ponds.  Other less commonly
collected species included Dero sp. (Naididae), Prinstinella jenkinae (Naididae),
Limnodrilus hoffmeisteri (Tubificidae), Tubifex tubifex (Tubificidae) and unidentified
enchytraeids.
Oligochaetes densities ranged from 0 to 51,590 ind./m2 (mean 7,407 ind./m2 + 1,053 s.e.).
Trends in mean densities of oligochaetes sampled from 13 pond fillings are presented in Fig.
6.11.  With the exception of Trial 74 (Pond 15), which had substantially higher densities than
all other pond fillings (Mean density: 31,405 ind./m2), oligochaete densities were commonly
between 0 and 10,000 ind./m2 (Fig. 6.11).  Oligochaetes were generally more abundant in the
shallower sections of the ponds (Fig. 6.12a) and were more abundant in January than any
other month sampled (Fig. 6.12b).  No significant differences in the abundance of
oligochaetes were detected between cages without fish and ponds containing fish during
three trials (Trial 45: F1,6 = 0.06, P = 0.8137.  Trial 73 F1,6 = 0.20, P = 0.6710.  Trial 74: F1,6 =
0.32, P = 0.5924) (Table 6.5).
Table 6.5 Mean densities of oligochaetes in cages where fish were absent and in ponds
where fish were present during three different trials in ponds at Snobs Creek.
Mean density (ind./m2 +s.e.)*
Trial 45 Trial 73 Trial 74
Cage Pond Cage Pond Cage Pond
1,508 + 720 2,261 + 473 9,938 + 1,851 3,840 + 532 26,713 + 4,210 36,096 + 4,222
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Fig. 6.11 Mean density of oligochaetes in 13 fillings of fry rearing ponds at Snobs Creek.
(a) (b)
Fig. 6.12 Mean density of oligochaetes (+ 95% confidence limits) in fry ponds at Snobs
Creek for (a) Different sites within ponds and (b) different months and
seasons.
Pond 12 Pond 13
Pond 14 Pond 15
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6.4 DISCUSSION
6.4.1 Chironomidae
Chironomid larvae regularly form a large proportion of the zoobenthic biomass of fish ponds
(McIntire and Bond 1962; Matena 1990; Jana and Manna 1993).  The 17 taxa groups
observed in fry ponds at Snobs Creek were considered typical of species which are common
in ephemeral lentic water bodies in Australia, as similar species have been reported from
swamps and floodplain wetlands in south-eastern Australia (Maher and Carpenter 1984;
Hillman and Nielsen 1995; Suter et al. 1995).  The most common and frequently
encountered taxa in these fry ponds at Snobs Creek were Chironomus cf. tepperi,
Polypedilum cf. nubifer and Procladius cf. paludicola.
Nearly 30% of the chironomid larvae collected during the present study were obtained by
examination of fish gut contents (see Chapter 8).  Use of fish as a sampling tool for
chironomid larvae proved useful, as 4 taxa species not collected in core samples were
obtained by this method.  However, differences in the occurrence and proportions of
chironomid taxa between core samples from the pond and fish gut samples should be treated
with extreme caution as some chironomid species may be more susceptible to predation by
fish than others (see Chapter 8).  This may explain why the proportion of K. martini (11%),
relative to numbers of other chironomid taxa, was substantially higher in the stomach of fish
than in core samples (<1%) in the present study.  The larvae of K. martini are filter feeders,
possessing long brushes on the labral margin (Cranston 1997).  They may spend more time
on top of the substrate feeding and thus be more visible to predacious fish than other tube
dwelling or burrowing chironomid species.
During the present study specimens of unidentified orthoclads were found in cocoons
constructed from sand grains.  Occurrence of cocoons in the larval stages of chironomid has
been reported previously (Sæther 1962; Danks 1971; Grodhaus 1976; Delettre 1988; Tokeshi
1995a.  The reasons why these orthoclads constructed cocoons in ponds at Snobs Creek are
unknown, however, other species construct cocoons to withstand unfavourable or stressful
conditions such as temperature extremes, desiccation or drought and oxygen depletion
(Sæther 1962; Danks 1971; Grodhaus 1976; Delettre 1988; Tokeshi 1995a).  Present study
did not attempt to identify processes and conditions that may have induced cocooning in
orthoclad larvae.
For the three species groups measured during the study, very few or no putative first instar
larvae were collected compared to later instars.  This may have been due to both the nature
of first instar larvae and their size.  Since, the first instar is often a planktonic/dispersal phase
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which lasts for a very short time (Tokeshi 1995a), it is less likely they would be collected in
benthos samples.  Because of their size, many first instar larvae may not have been retained
of the 250µm sieve used for sorting benthos samples.  For these reasons it is likely that the
abundance of first instar larvae were underestimated in the present study.  The instars of
Procladius were poorly differentiated.  This may have been due to the presence of more than
one Procladius species in the samples.  Although the instars of other genera (Chironomus
and Polypedilum) were well differentiated this does not preclude the possibility that other
species were present in the samples.
Many chironomid species show a preference for certain water depths (Danks 1971), even in
shallow waters such as carp ponds (Janecek 1995).  In the present study, chironomid larvae
were generally more abundant in the shallow section of the ponds, particularly Polypedilum
and Procladius.  Chironomus, in contrast, showed less preference to water depth.  Due to the
presence of oxygen retaining haemoglobin in their body (Pinder 1986), Chironomus larvae
are more tolerant of waters containing low oxygen concentrations, such as may occur in the
deeper sections of the fry rearing ponds.
The densities of chironomid larvae in ponds at Snobs Creek, which reached a mean
maximum density of 27,470 ind./m2, were similar to densities observed in other water
bodies.  Densities of chironomids in aquaculture ponds ranged from 4,700 to 23,100 ind./m2
for ponds stocked with brown trout (Wahab et al. 1989; Stirling and Wahab 1990; Wahab
and Stirling 1991), and from 22,700 to 30,600 ind./m2 for carp ponds (Janecek 1995).
Higher densities have been observed in wetlands in south western NSW.  Maher and
Carpenter 1984 recorded densities of Chironomus “alternans a” up to 73,283 ind./m2 (mean
1,931 ind./m2) and P. nubifer up to 33,647 ind./m2 (mean 724 ind./m2), and mean total
densities of chironomids to 38,509 ind./m2.
The present study showed that there were substantial seasonal variations in the abundance of
chironomid larvae in fry rearing ponds at Snobs Creek.  Chironomus tepperi is known to
rapidly colonise newly inundated areas such as rice bays in NSW, in which they are
numerically dominant (Stevens 1994, 1995), and swamps in south-western NSW (Maher and
Carpenter 1984).  However, studies suggest that C. tepperi is generally univoltine and rarely
recolonises these habitats after one generation (Stevens 1994).  In rice bays, C. tepperi is
replaced by P. paludicola as the most abundant species (Stevens 1994, 1995).  A similar
succession pattern was observed in ponds at Snobs Creek.  Chironomus was more abundant
in the first half of the season (November and December), when the ponds were first filled,
than the second half (January and February).  In contrast, Polypedilum, which was rarely
collected in the first half of the season, but was the most common and abundant chironomid
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in the second half of the season.  Polypedilum nubifer is common and widespread in
Australia and is reported to tolerate high temperatures and nutrient loadings (Cranston 1997),
conditions which typically occur in fry rearing ponds during summer months (see Chapter 4).
Furthermore, the decline in proportions of small instars (1st and 2nd) of Chironomus in
ponds in latter weeks following filling suggests that recolonisation of this species was not
occurring in the ponds at Snobs Creek.
Overall, the abundance of chironomid larvae in ponds at Snobs Creek increased to a
maximum in the 3-5th weeks after filling then declined thereafter.  A similar trend was
observed in chironomid biomass in ponds stocked with juvenile walleye (Fox 1989; Fox et
al. 1989).  The decline in biomass in these ponds, which peaked in the third week, was
attributed to chironomid emergence (Fox 1989; Fox et al. 1989).  This may well be the case
for univoltine chironomid species, such as C. tepperi (Stevens 1994), but does not account
for multivoltine species, which may continually recolonise the ponds after emergence.  The
present study showed that the small instars (1st and 2nd) of Polypedilum and Procladius
were present throughout the period that the ponds were filled with water, which suggests that
these species were continually recolonising the ponds.  Increased predation pressure by
juvenile fish may also contribute to the decline in abundance of chironomid larvae in latter
weeks.  Juvenile percichthyids stocked into the fry rearing ponds at Snobs Creek initially fed
on zooplankton, but in latter weeks, chironomid larvae became a significant part of their diet
(see Chapter 8).
Interpretation of changes in the abundance of chironomid larvae can be challenging as errors
associated with sampling and sorting methods, lack of replication, sample size and intervals
between sampling, can be wide (Tokeshi 1995a).  In the present study, the abundance of
Chironomus, Procladius (all trials when present) and Polypedilum (Trials 45 and 73), were
greater in areas not accessible to fish, however, these trends were not significant perhaps due
to the large variance.  Similarly, studies in which enclosures were used to eliminate fish
predation have shown a non-significant predation effect on chironomid abundance (Reice
and Edwards 1986; Gilliam et al. 1989).  Yet, other studies have indicated that in the absence
of fish, chironomid densities have been significantly higher (Hurlbert et al. 1972; Flecker
1984; Macchiusi and Baker 1991).  In contrast, the mean density of Polypedilum (Trial 74)
in the present study was significantly greater in the presence of fish.  Gilinsky (1984)
showed that the abundance of larvae of some chironomid species was significantly reduced
by predation while the abundance of others were not affected or even increased.  These
studies indicate that the response of chironomid larvae to fish predation is variable.
112
The presence of fish may indirectly influence the abundance of benthic chironomid larvae.
Lellak (1978) suggested that the reduction of zooplankton by carp increased the availability
of food (phytoplankton and bacterioplankton) to benthic organisms, while Wahab et al.
(1989) observed a progressive increase in chironomid numbers with increasing fish densities
which was attributed to increased organic enrichment through fish feeding.  These factors
may have contributed to the higher abundance of Polypedilum (Trial 74) in the presence of
fish in the present study.
The present study showed that chironomid larvae were abundant in the ponds and that, at
times, were influenced by fish.  Furthermore, dietary studies have indicated that chironomid
larvae are an important prey of Murray cod, trout cod and Macquarie perch reared in these
ponds (Chapter 8).  Future research should focus on developing pond management
techniques that enhance chironomid larvae populations, in particular fertilisation regimes and
use of lights to attract ovipositing midges.  Fox (1989) showed that chironomid biomass was
highest in ponds receiving constant fertilisation and as a result suggested that production of
walleye in ponds may be improved by fertilisation to increase benthic insect biomass.  Insect
light traps are said to increase the carrying capacity of fish ponds by the addition of aerial
insects, which supplement the diet of fish (Heidinger 1971), though no studies have
investigated the use of lights to increase chironomid larval abundance.
6.4.2 Oligochaetes
Oligochaetes regularly form a large proportion of the zoobenthic biomass of fish ponds (Jana
and Manna 1993), which was the case in ponds at Snobs Creek.  Oligochaetes represented
49% of the combined abundance of oligochaetes and chironomid larvae in fry rearing ponds
at Snobs Creek.  Oligochaetes represented 43% of the macroinvertebrates in benthic samples
from ponds stocked with walleye (Fox et al. 1989).  Lumbriculus variegatus was common
and abundant in ponds at Snobs Creek.  In contrast, Lumbriculus was less common in trout
ponds than other oligochaetes including Tubifex, Limnodrilus and Psammoryctides (Wahab
et al. 1989; Stirling and Wahab 1990; Wahab and Stirling 1991).
In the present study, oligochaetes were recorded in 79% of samples and densities ranged
from nil to 51,590 ind./m2 (mean 7,407 ind./m2).  However, these densities were low when
compared with other aquaculture ponds.  Oligochaetes, with densities of 39,900 to 374,000
ind./m2, dominated the benthos of ponds stocked with brown trout (Wahab et al. 1989;
Stirling and Wahab 1990; Wahab and Stirling 1991).  Variations in the abundance of
oligochaetes may be influenced by food availability.  Since oligochaetes are detritivores or
collector-gathers (Williams 1980), increased organic enrichment, such as through
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fertilisation may increase oligochaete numbers (McIntire and Bond 1962; Stirling and
Wahab 1990).  The fry rearing ponds at Snobs Creek may not have been as organically
enriched as ponds described by Wahab et al. (1989), Stirling and Wahab (1990) and Wahab
and Stirling (1991), which were stocked at considerably higher densities, and received
additional nutrients in the form of fish feeds.
Wahab et al. (1989) suggested that predation by brown trout reduced the abundance of
oligochaetes.  However, during the present study no significant differences in the abundance
of oligochaetes were detected between cages without fish and areas accessible to fish.  This
is not surprising considering that dietary studies showed that the percichthyids reared in
these ponds rarely consumed oligochaetes (see Chapter 8).  This may be due to the
burrowing nature of oligochaetes, which may reduce their susceptibility to fish predation
(Stirling and Wahab 1990).
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7 FISH GROWTH AND SURVIVAL
7.1 INTRODUCTION
Information on the growth of percichthyids is generally limited to studies of wild fish,
mostly sub-adult and adult fish.  Length-weight and age-weight relationships have been
published for wild populations of Murray cod (>45 mm in length) (Rowland 1998, Anderson
et al. 1992, Gooley 1992b) and Macquarie perch (>186 mm in length) (Appleford et al.
1998, Gray et al. 2000), but no relationships have been developed for trout cod.  Length–
weight relationships for the juveniles of these species are unknown, though Thurstan (1992)
described the relationship between length and days post-stocking of juvenile Murray cod
reared in earthen ponds at IFRS, Narrandera (NSW).  A length-weight and length-days post-
stocking relationships have also been determined for golden perch fry reared in earthen
ponds at the IFRS, Narrandera (NSW) (Arumugam and Geddes 1987, Thurstan 1992, Culver
and Geddes 1993).
The tendency for modern aquaculture is to increase stocking densities to fully utilise natural
food resources and maximise fish yield.  Yield in both weight and numbers of fingerlings is
increased with increasing stocking density (Culver et al. 1984, Munch et al. 1984, Qin and
Culver 1992).  The number of fish stocked into fry rearing ponds varies from one species to
the next.  Striped bass fry have been stocked at densities of 24.7-37.1 fish/m2 (Geiger 1983b,
Geiger et al. 1985), walleye fry at 10-60 fish/m2 (Fox and Flowers 1990, Culver et al. 1993,
Harding and Summerfelt 1993, Qin et al. 1995), Brycon cephalus larvae at 20-120 fish/m2
(Gomes et al. 2000), silver perch fry at 41.6-58.4 fish/m2 (Culver and Geddes 1993) and
tilapia fry at 15-265 fish/m2 (Green et al. 1997).  Of the percichthyids, golden perch have
been stocked at 21.5-365 fish/m2 (Culver and Geddes 1993, Rowland 1996) and trout cod fry
at 0.44-4.27 fish/m2 (Ingram and Rimmer 1992).  These variations may reflect influences of
a number of variables including size at stocking, dietary requirements, fry availability and
pond productivity.
It is well known that increasing stocking densities of fish in ponds (in the absence of
supplementary feeding) reduces the growth rate of fish due to limited amount of food
(Hepher et al. 1989, Culver et al. 1993, Welker et al. 1994).  However, no detailed studies
have investigated the effects of stocking density on growth and survival of percichthyids,
and as a result, there are no guidelines for stocking these fish in fry rearing ponds.  Though,
Rowland (1986b) recommended fry pond stocking densities of 100 fish/m2 for golden perch
larvae, and 20 fish/m2 for Murray cod larvae.
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The objectives of the present study were to:  develop length-weight, age-weight and age-
length relationships for juvenile Murray cod, trout cod and Macquarie perch reared in
fertilised fry ponds; quantify the growth, survival, condition and yield of these fish; and
investigate the effects of fish stocking density on growth, survival, condition and yield.
7.2 MATERIALS AND METHODS
7.2.1 Length-weight, length-age and weight-age relationships
The length-weight relationships for Murray cod, trout cod and Macquarie perch reared in
ponds at Snobs Creek were determined by linear regression following log transformation.
During each pond filling (Trial), fish were routinely sampled weekly, and the total lengths of
up to 20 fish per sample were measured.  However, in order to develop length-weight
relationships, weights of Murray cod from four pond fillings (Trials 70, 78, 86 and 115),
trout cod from three pond fillings (Trials 73, 88, and 94) and Macquarie perch from three
pond fillings (Trials 68, 75 and 95) were also measured.  Regression equations developed for
each species were statistically compared using the procedure described by Zar (1974).
Length-age and weight-age relationships for these species were also determined by log linear
regression.  Since the age of fish from a single spawning may vary by several days, and
generally fish from more than one spawning were stocked together into each pond, the
median age was used as an estimate for the age of fish at stocking (see Chapter 2).
7.2.2 Growth, survival, condition and yield
Descriptions of pond preparation, operation and management protocols, as well as pond
stocking, fish sampling and pond harvesting details are described in Chapter 2.  Formulas for
calculation of specific growth rates (SGR’s) (%/day) and condition of fish are presented in
Chapter 2.  In the absence of measured weight data, estimated fish weights derived from
length-weight equations (see above) were used in calculation of SGR’s.  Yield at harvest was
presented as biomass yield (kg/ha) and fish yield (fish/m2).
Using historical data from all pond fillings at Snobs Creek (see Chapter 3), estimates of fish
growth, survival, condition and yield, for each species and pond filling, were correlated
against initial stocking density (fish/m2 and biomass/m2) and size at stocking for each species
of fish.  Analysis of these correlations, which was used to indicate the kind (positive or
negative) and magnitude of relationships between each pair of parameters, was explored
using Pearson correlation analysis (SAS Institute Inc. 1990) (significance at 0.05 level).
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7.2.3 Effects of stocking density: cage experiment
Stocking density experiments were conducted in 4.0 m2 (2.0 m long x 2.0 m wide x 1.2 m
high) mesh cages situated in the fry rearing ponds.  Cages were constructed from 25 mm box
aluminium framing which was covered on the vertical sides with 25 mm woven aluminium
mesh which was overlaid with fly mesh (Fig. 7.1).  The top and bottom of each cage was
open-ended.  Cages were positioned in approximately 1.0 m of water with at least 0.1 m of
the cage above the water level, and the bottom of the cage embedded into the substrate.  In
each experiment groups of three cages (replicates) were stocked at three different densities
(treatments).  Murray cod and trout cod were stocked at 15 fish/m2 (low density), 30 fish/m2
(medium density) and 60 fish/m2 (high density), whereas Macquarie perch were stocked at
20 fish/m2 (low density), 40 fish/m2 (medium density) and 80 fish/m2 (high density).
Allocation of a treatment to each cage was randomised to avoid any inherent bias associated
with cage position within the pond.
Murray cod were stocked into the cages in the 1994/95 season (Trial 78).  At the same time,
as a comparison, Murray cod, which were from the same source of fish as those stocked into
the cages, were also released into the pond at an initial density of 12.7 fish/m2.  Macquarie
perch were stocked into cages during the 1995/96 season (Trial 89).  Trout cod were stocked
into cages in the 1996/97 season (Trial 94).  At the same time, trout cod from the same
source as those fish stocked into the cages were also released into the pond at an initial
density of 12.5 fish/m2.
Prior to commencement of each experiment, random samples of 10 individual fish from each
cage were anaesthetised and measured (weight to the nearest 1.0 mg and total length to the
nearest 0.5 mm).  Sedation of fish was achieved using 15-25 mg/l Marinil (Syndel, Canada).
Following measurement fish were returned to the cages.  Every 7-9 days during each
experiment the lengths and weights of a random sample of fish (5-20 fish per cage) were
measured from each cage.  Sampling of cages was by methods described in Chapter 2.  At
termination of each experiment, the total number of fish from each cage was calculated, and
20 fish from each cage were measured.  For each replicate and treatment, specific growth
rates (SGR’s) (%/day), and survival rate were determined.
Analysis of fish growth, SGR, survival rates and comparison of final weights for each
experiment were undertaken using the SAS General Linear Models Procedure and Tukey's
Multiple Range Test (SAS Institute Inc. 1990), following testing for homogeneity using
Cochran's Test and log transformation of data wherever necessary.
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Fig. 7.1 4.0 m2 mesh cages used for stocking density experiments (Trial 78, Pond 13,
stocked with Murray cod).
7.3 RESULTS
Prior to and during the study, a total of 101 pond stockings were undertaken in the five fry
rearing ponds at Snobs Creek over 13 consecutive seasons (see Chapter 3).  Of these, 51
were stocked with Murray cod, 23 with trout cod and 18 with Macquarie perch.  A total of
92 ponds were stocked with post-larvae (fish <25 mm) while nine were stocked with
fingerlings (> 25 mm), the latter which had been previously reared in the ponds.
7.3.1 Length-weight, length-age and weight-age relationships
The length-weight relationships determined by regression for juvenile Murray cod (881 fish),
trout cod (695 fish) and Macquarie perch (464 fish) reared in ponds at Snobs Creek are
presented in Fig. 7.2.  The relationships between length and weight for these fish are
represented by the following regression equations:
Murray cod
Log weight = -10.992 (+ 0.040 s.e.) + 2.888 (+ 0.011 s.e.) x Log length (adj. R2 = 0.987)
Trout cod
Log weight = -10.538 (+ 0.050 s.e.) + 2.762 (+ 0.014 s.e.) x Log length (adj. R2 = 0.982)
Macquarie perch
Log weight = -11.803 (+ 0.045 s.e.) + 3.158 (+ 0.013 s.e.) x Log length (adj. R2 = 0.992)
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These equations were significantly different from each other (F4,2034 = 190.1789, P<0.0005)
(Fig. 7.3).  Differences were greater between Macquarie perch and Murray cod, and
Macquarie perch and trout cod, than between Murray cod and trout cod (Fig. 7.3).  Murray
cod and trout cod were very similar in appearance and body shape, while Macquarie perch
were a deeper-bodied fish.  Consequently, for a given length, Macquarie perch were
considerably heavier in weight than either Murray cod or trout cod, which were similar in
weight for a given length.
Individual measurements and curves generated from length-age and weight-age relationships
are presented in Fig. 7.4a, Fig. 7.4b and Fig. 7.4c for Murray cod, trout cod and Macquarie
perch, respectively.  Regression equations were:
Murray cod
Log length = -0.145 (+ 0.078 s.e.) + 0.925 (+ 0.019 s.e.) x Log age (adj. R2 = 0.80)
Log weight = -11.372 (+ 0.222 s.e.) + 2.729 (+ 0.055 s.e.) x Log age (adj. R2 = 0.82)
Trout cod
Log length = -0.266 (+ 0.074 s.e.) + 0.947 (+ 0.018 s.e.) x Log age (adj. R2 = 0.80)
Log weight = -11.503 (+ 0.203 s.e.) + 2.612 (+ 0.050 s.e.) x Log age (adj. R2 = 0.83)
Macquarie perch
Log length = -0.756 (+ 0.212 s.e.) + 1.089 (+ 0.017 s.e.) x Log age (adj. R2 = 0.94)
Log weight = -14.240 (+ 0.203 s.e.) + 3.451 (+ 0.058 s.e.) x Log age (adj. R2 = 0.93)
Equations for length-age relationships were linear and relatively similar for each species
(Fig. 7.4).  The weight –age were relationships for, were “exponential” for all species.  The
increase in weight-age relationship for Macquarie perch was markedly greater than for either
Murray cod or trout cod, while the increase in weight-age for Murray cod was slightly
greater than for trout cod (Fig. 7.4).
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(a) (b)
(c)
Fig. 7.2 Length weight relationship for juvenile fish reared in ponds at Snobs Creek.  (a)
Murray cod, (b) trout cod and (c) Macquarie perch (see text for equations).
Fig. 7.3 Comparison of length-weight equations for Murray cod trout cod and Macquarie
perch reared in ponds at Snobs Creek.
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(a)
(b)
(c)
Fig. 7.4 Length – age and weight –age relationships for juvenile (a) Murray cod, (b) trout cod
and (c) Macquarie perch reared in ponds at Snobs Creek (see text for equations).
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7.3.2 Growth, survival, condition and yield
Growth
During the present study, specific growth rates (SGR’s) ranged from 0.6%/day (Murray cod)
to 13.4%/day (Macquarie perch) (Table 7.1).  In general, SGR’s were highest for Macquarie
perch (mean 8.6%/day), followed by Murray cod (mean 8.1 %/day) then trout cod (mean 6.1
%/day) (Table 7.1).  SGR’s were negatively correlated with size of fish at stocking (ie.
length at stocking) for Murray cod (Rho = -0.704; P = 0.0001), trout cod (Rho = -0.905; P =
0.0001) and Macquarie perch (Rho = -0.824; P = 0.0001) (Fig. 7.5).  Fish stocked as
fingerlings (>25 mm) exhibited overall lower SGR’s than fish stocked as post-larvae (<25
mm).  Stocking biomass was also negatively correlated with SGR for all species of fish
(Murray cod: RHo = -0.69; P <0.0001; trout cod: RHo = -0.77; P = <0.0001; Macquarie
perch: RHo = -0.73; P = 0.0009) (Fig. 7.6).  A significant negative correlation was observed
between stocking density and the SGR for trout cod (RHo = 0.510; P = 0.0129), but
correlations with SGR’s for Murray cod and Macquarie perch were not significant.
During grow-out in fry ponds at Snobs Creek, SGR’s, determined from weekly sampling of
fish, were highest in the weeks immediately following stocking but declined in latter weeks
(Fig. 7.7).
Survival
Overall, survival rates ranged from 0.2% (Macquarie perch) to 99.8% (Macquarie perch)
(Table 7.1).  On average, survival was highest for Murray cod (mean 77.0%) followed by
trout cod (mean 75.4%) and Macquarie perch (mean 63.8%) (Table 7.1).  No significant
correlations were observed between survival and stocking density.  However, a significant
negative correlation between survival and stocking biomass was observed for trout cod (RHo
= -0.624; P = 0.0025).  No significant correlations were detected between survival and size at
stocking (length at stocking), pond number, time spent in the ponds or filling number.  In
general, since commencing rearing of fish in ponds at Snobs Creek in the late 1980’s,
survival rates for all three species of fish have by and large increased, and become less
variable (Fig. 7.8).
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Table 7.1 Survival rates, SGR’s, fish Condition and yield at harvest for fish reared in pond
at Snobs Creek (range (mean + s.e.)).
Species Survival (%) SGR (%/day) Condition (C) Yield (kg/ha)
Murray cod
Post-larvae 46.4-96.5
(76.6 + 1.8)
5.7-11.6
(8.3 + 0.2)
0.092-0.146
(0.115 + 0.002)
13-240
(116 + 8)
Fingerlings 89.3-90.1
(89.7 + 0.4)
0.6-5.4
(3.0 + 2.4)
0.095-0.112
(0.104 + 0.009)
81-200
(140 + 60)
Overall 46.4-96.5
(77.0 + 1.8)
0.6-11.6
(8.1 + 0.3)
0.070-0.146
(0.113 + 0.002)
13-240
(120 + 8)
trout cod
Post-larvae 2.5-97.7
(78.0 + 4.9)
5.7-8.0
(6.6 + 0.2)
0.103-0.142
(0.115 + 0.002)
4-147
(90 + 9)
Fingerlings 6.5-81.3
(54.6 + 24.1)
1.2-4.4
(2.7 + 0.9)
0.102-0.112
(0.106 + 0.003)
7-158
(63 +50)
Overall 2.5-97.7
(75.4 +5.4)
1.2-8.0
(6.1 + 0.3)
0.083-0.142
(0.112 + 0.002)
4-158
(87 + 10)
Macquarie perch
Post-larvae 0.2-99.8
(62.3 + 8.5)
6.5-13.4
(9.4 + 0.6)
0.122-0.175
(0.136 + 0.004)
1-342
(103 + 23)
Fingerlings 38.3-91.1
(70.7 + 16.4)
2.8-6.3
(5.0 + 1.1)
0.120-0.148
(0.134 + 0.008)
78-123
(95 + 14)
Overall 0.2-99.8
(63.8 + 7.4)
2.8-13.4
(8.6 + 0.7)
0.120-0.175
(0.135 + 0.003)
1-342
(102 + 19)
Condition at harvest
At harvest, fish condition ranged from 0.07-0.146 (mean 0.113), 0.083-0.142 (mean 0.112)
and 0.120-0.175 (mean 0.135) for Murray cod, trout cod and Macquarie perch, respectively
(Table 7.1).  In general, for each species fish condition was highest in the weeks immediately
following harvest then declined slightly in latter weeks (Fig. 7.9).  However, no significant
correlations were detected between condition at harvest and either size at stocking, stocking
density, time spent in ponds, survival or SGR.
Yield at harvest
Yield (kg/ha) at harvest was highly variable and ranged from 13-240 kg/ha (mean 120
kg/ha), 4-158 kg/ha (mean 87 kg/ha) and 1-342 kg/ha (mean 102 kg/ha) for Murray cod,
trout cod and Macquarie perch, respectively (Table 7.1).  Yield was positively correlated
with survival for all three species (Murray cod: RHo = 0.54; P <0.0001; trout cod: RHo =
0.65; P = 0.0007; Macquarie perch: RHo = 0.50; P = 0.039) (Fig. 7.10).  Yield was positively
correlated with stocking density for Murray cod only (RHo = 0.666; P = 0.0001).  No
correlations were detected between yield and either size at stocking, time spent in pond or
SGR.
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Fig. 7.5 Correlation between mean size at stocking (length in mm) and SGR for Murray
cod, trout cod, and Macquarie perch reared in ponds at Snobs Creek.
(Murray cod SGR = 11.12 – 0.19·length (adj. R2 = 0.48), trout cod SGR = 9.56 –
0.19·length (adj. R2 = 0.77), Macquarie perch SGR = 12.48 – 0.24·length (adj. R2
= 0.66)).
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Fig. 7.6 Relationship between stocking biomass (g/m2) and specific growth rate of
Murray cod, trout cod, and Macquarie perch reared in ponds at Snobs Creek.
(Murray cod SGR = 8.68 – 0.47·stocking biomass (adj. R2 = 0.46), trout cod
SGR = 7.79 – 1.67·stocking biomass (adj. R2 = 0.57), Macquarie perch SGR =
9.82 – 1.16·stocking biomass (adj. R2 = 0.50)).
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Fig. 7.7 Change in SGR (+ s.e.) of juvenile Murray cod, trout cod and Macquarie perch
reared in ponds at Snobs Creek (all pond fillings).
(a) (b)
(c)
Fig. 7.8 Seasonal variations in survival rates (median, and 25th - 75th percentile bars) for (a)
Murray cod, (b) trout cod and (c) Macquarie perch reared in ponds at Snobs Creek.
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Fig. 7.9 Mean Condition (C) (+ s.e.) of Murray cod (5 pond fillings), trout cod (4 pond
fillings) and Macquarie perch (4 pond fillings) reared in fry ponds at Snobs
Creek.
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Fig. 7.10 Relationship between survival and yield of Murray cod, trout cod and
Macquarie perch reared in ponds at Snobs Creek.  (Murray cod Yield = -65.95 +
1.26·survival (adj. R2 = 0.20), trout cod Yield = -0.46 + 1.16·survival (adj. R2 =
0.40), Macquarie perch Yield = 21.30 + 1.26·survival (adj. R2 = 0.20)).
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7.3.3 Effects of stocking density: cage experiment
Survival of juvenile Murray cod was not significantly affected by stocking density (F2,6 =
0.14, P = 0.8712) (Table 7.2).  However, at the end of the experiment, both final weight (F2,6
= 18.19, P = 0.0028) and SGR (F2,6 = 11.23, P = 0.0094) were significantly lower at higher
densities (Table 7.2).  Final weight was not significantly different for low and medium
density treatments, but both were significantly greater than the high-density treatment.  In
contrast, SGR’s determined for fish that were reared at low and high densities were
significant from each other only.  Changes in both total length (Fig. 7.11a) and weight (Fig.
7.11b) over time were also significantly different for stocking density (Weight x time
interaction: F2,6 = 15.91, P = 0.0040. Length x time interaction: F2,6 = 10.04, P = 0.0122).
Growth rates of fish reared in the low density cages (11.29%) were only slightly lower than
those for Murray cod reared in the pond itself during the experiment (11.56%) (Table 7.2,
Fig. 7.11a and Fig. 7.11b).  However, the survival rates of fish in cages at all stocking
densities (93.6% - 95.6%) were considerably higher than the survival rate of fish reared in
the pond (80.3%) (Table 7.2).
Initial stocking density between 15 fish/m2 and 60 fish/m2 did not appear to affect the growth
or survival of trout cod reared in cages as no significant differences between stocking
densities were detected for survival (F2,6 = 0.04, P = 0.9577), SGR (F2,6 = 0.07, P = 0.9298)
and final weight (F2,6 = 0.96, P = 0.4337) (Table 7.3).  Neither change in weight nor change
in length over time were significantly different for stocking density (Weight x time
interaction: F2,6 = 0.92, P = 0.4526.  Length x time interaction: F2,6 = 0.78, P = 0.4980) (Fig.
7.11c and Fig. 7.11d).  Furthermore, growth rates and survival rates of trout cod reared in the
cages at all densities were similar to those observed for trout cod reared in the pond during
the experiment (Table 7.3, Fig. 7.11c and Fig. 7.11d).
Survival of Macquarie perch was not significantly affected by stocking density (F2,6 = 0.73, P
= 0.5215) (Table 7.4).  However, at the end of the experiment, both final weight (F2,6 =
22.98, P = 0.0015) and SGR (F2,6 = 20.01, P = 0.0022) were both significantly different for
stocking density (Table 7.4).  SGR’s were not significantly different for fish stocked at low
and medium densities, but the SGR’s for both these treatments were significantly greater
than the SGR of fish stocked at the high density (Table 7.4).  Changes in both weight over
time and length over time were also significantly different for stocking density (Weight x
time interaction: F2,6 = 19.92, P = 0.0022. Length x time interaction: F2,6 = 21.37, P = 0.0019)
(Fig. 7.11e and Fig. 7.11f).
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Table 7.2 Initial and final weight, length, survival and SGR’s of Murray cod reared in cages
at three different densities in Pond 13 (Trial 78), and reared in a Pond 13.
Parameter Cages Pond
15 fish/m2 30 fish/m2 60 fish/m2 12.7 fish/m2
Weight (g)
Initial (mean + s.e.) 0.036 + 0.001 0.039 + 0.001 0.035 + 0.001 0.036 + 0.001
Final (mean + s.e.) 0.769 + 0.019a 0.631 + 0.020a 0.450 + 0.013b 0.826 + 0.028
Total length (mm)
Initial (mean + s.e.) 14.3 + 0.1 14.6 + 0.1 14.0 + 0.1 14.3 + 0.1
Final (mean + s.e.) 40.2 + 0.3 37.9 + 0.4 34.5 + 0.4 41.7 + 0.5
Duration (days) 27 27 27 27
Survival rate (%+ s.e.) 95.6 + 2.9 93.9 + 3.4 93.6 + 1.7 80.3
SGR (%/day + s.e.) 11.29 + 0.23a 10.33 + 0.26ab 9.46 + 0.32b 11.56
Table 7.3 Initial and final weight, length, survival and SGR’s of trout cod reared in cages at
three different densities in Pond 14 (Trial 94), and reared in a Pond 13.
Parameter Cages Pond
15 fish/m2 30 fish/m2 60 fish/m2 12.5 fish/m2
Weight (g)
Initial (mean + s.e.) 0.054 + 0.001 0.056 + 0.002 0.051 + 0.002 0.054 + 0.002
Final (mean + s.e.) 0.881 + 0.028 0.884 + 0.031 0.828 + 0.026 0.908 + 0.056
Total length (mm)
Initial (mean + s.e.) 15.7 + 0.2 15.9 + 0.2 15.4 + 0.2 15.8 + 0.2
Final (mean + s.e.) 41.6 + 0.5 41.6 + 0.6 41.2 + 0.4 42.6 + 1.0
Duration (days) 45 45 45 45
Survival rate (%+ s.e.) 76.1 + 5.3 77.5 + 6.3 75.6 + 1.2 79.0
SGR (%/day + s.e.) 6.22 + 0.05 6.14 + 0.09 6.19 + 0.24 6.24
Table 7.4 Initial and final weight, length, survival and SGR’s of Macquarie perch reared in
cages at three different densities in Pond 16 (Trial 94).
Parameter Cages
20 fish/m2 40 fish/m2 80 fish/m2
Weight (g)
Initial (mean + s.e.) 0.012 + 0.003 0.011 + 0.003 0.012 + 0.003
Final (mean + s.e.) 0.977 + 0.024a 0.780 + 0.017b 0.575 + 0.015c
Total length (mm)
Initial (mean + s.e.) 10.2 + 0.1 10.0 + 0.1 10.2 + 0.1
Final (mean + s.e.) 42.5 + 0.3 39.9 + 0.3 36.2 + 0.3
Duration (days) 42 42 42
Survival rate (%+ s.e.) 94.6 + 1.8 83.1 + 12.6 92.7 + 3.2
SGR (%/day + s.e.) 10.55 + 0.09a 10.17 + 0.06a 9.28 + 0.23b
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(a) (b)
(c) (d)
(e) (f)
Fig. 7.11 Growth (mean total length + s.e. and mean weight +s.e.) of (a) Murray cod
reared in cages at three different densities in Pond 13 (Trial 78), and reared in a Pond
13, (b) trout cod reared in cages at three different densities in Pond 14 (Trial 94), and
reared in a Pond 14, and (c) Macquarie perch cod reared in cages at three different
densities in Pond 16 (Trial 89).
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7.4 DISCUSSION
This study provided the first estimation of length-weight, age-weight and age-length
relationships for juvenile Murray cod, trout cod and Macquarie perch.  In the case of Murray
cod, these relationships provide an extension to studies previously conducted on larger fish
(Anderson et al. 1992, Gooley 1992b, Rowland 1998).  However, due to the difference in the
size of fish examined in these studies (all fish >45 mm in length), no comparison can be
drawn against relationships described in the present study.  However, Thurstan (1992)
described the relationship between length and days post-stocking of juvenile Murray cod
reared in earthen ponds at the IFRS, Narrandera (NSW).  This relationship was represented
by the equation:
Total length (mm) = 11.2 + 0.69 post-stocking in days (R2 = 90%).
The slope of this equation was slightly steeper than for the slope of the length-age equation
from the present study, which suggests that Murray cod reared in ponds at IFRS, Narrandera
grew at a slightly greater rate than Murray cod at Snobs Creek.  However, this difference
may be attributed to several factors including environmental conditions (temperature, water
quality etc.), ecological conditions in the ponds, such as zooplankton production levels and
species composition, stocking densities and management practices.
Growth equations for Murray cod, trout cod and Macquarie perch developed during the
present study indicated that in the early stages of their development these species typically
exhibit allometric growth, which suggests that changes in body shape and form were
occurring during the juvenile development.  In the present study, the relationships between
age and length for each species were more or less linear whereas the relationships between
age and weight for each species were more or less exponential.  Thurstan (1992) observed
linear relationships between time (days post stocking) and length for Murray cod, golden
perch and silver perch reared in earthen ponds at the IFRS, Narrandera (NSW).  In contrast,
Arumugam and Geddes (1987) observed an exponential increase in length over time for
golden perch.  An exponential relationship between age and weight has also been recorded
for juvenile golden perch reared in earthen ponds (Arumugam and Geddes 1987).
The present study showed that increasing stocking densities reduced the growth of juvenile
Murray cod, trout cod and Macquarie perch in earthen ponds, but did not affect survival.
Similar results have been observed for the fry of other species reared in earthen ponds.  Qin
et al. (1995) found that survival of larval walleye in ponds was not affected by stocking
densities of between 25fish/m2 and 50 fish/m2, but growth was higher at the lower stocking
density.  Gomes et al. (2000) observed that growth of Bryon cephalus was reduced at higher
densities while survival was not affected.  Survival of walleye stocked at three different
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densities (20, 40 and 60 fish/m3) was not affected by stocking density, but growth was
reduced at higher densities (Fox and Flowers 1990).  However, Qin et al. (1994) found a
similar trend in the growth of walleye and saugeye stocked at different densities, but unlike
the present study, survival rates were higher at lower densities.  Limitations associated with
food availability at higher densities may account for reduced growth rates in these studies
and the present study.  Culver and Geddes (1993) found no difference in growth of golden
perch fry stocked at two different densities (ie. 21.5 and 45.3 fish/m2) and concluded that, at
these densities, growth was not limited by food availability.  Fox and Flowers (1990)
attributed the reduced growth of walleyes at higher stocking densities to changes in fish
activity, suggesting that at higher densities fish needed to expend more energy in competing
for and finding food in a food-limited environment.  The relationships between fish growth
and prey abundance, as well as other parameters, are further explored in Chapter 10.
The results from the present study contradict the findings of a laboratory-based study in
which the survival of Macquarie perch larvae (5.5 mm in length) reared at higher densities
(16 larvae/L and 32 larvae/L) had lower survival rates than larvae reared at lower densities (2
larvae/L, 4 larvae/L and 8 larvae/L) (Sheikh-Eldin et al. 1997).  However this discrepancy
may reflect differences in the rearing facilities.  Fry rearing ponds would provide more
natural conditions than the laboratory where artificial feeding regimes, sub-optimal diets and
artificial environmental conditions (light intensity, disturbance during tank cleaning, etc.)
may influence growth patterns.
The present study showed that fish survival was not correlated with size at stocking.  Snow
et al. (1983) found that survival rates of Nile tilapia stocked at either 4 days of age or 7 days
of age were not different.  In contrast, however, Tidwell et al. (1995) suggested that channel
catfish stocked at swim-up stage had higher survival rates than fish stocked after a week of
feeding in the hatchery, and Guerrero (1986) found that survival rates for Nile tilapia stocked
at 0.05 g were higher (72.4% survival) than fish stocked at 0.01 g (57.3% survival).  The
reduced survival rates of young fish, especially when stocked at or prior to commencement
of exogenous feeding, may be due to morphological and physiological changes linked to the
onset of feeding, as well as food availability and composition (Johnston and Mathias 1993)
(see Chapter 10), and perhaps a lower tolerance to environmental changes.  Furthermore,
their smaller size may also increase their susceptibility to predation by carnivorous aquatic
insects such as dragonfly larvae, larval and adult beetles and notonectids (Burleigh et al.
1993; González and Leal 1995; Adeyemo et al. 1997).  In the majority of pond stockings at
Snobs Creek, fish had commenced exogenous feeding several weeks prior to stocking (see
Chapter 2).  However, stocking percichthyids at a younger age may reduce subsequent
survival rates.
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The SGR’s of Murray cod, trout cod and Macquarie perch in the present study were greatest
in the weeks immediately after stocking then declined thereafter.  In comparison, growth of
golden perch in rearing ponds was highest in the days after stocking but later declined
(Culver 1988).  These declines may have been due to a reduction in the availability and/or
quality of feed in latter weeks.  The present study has shown that the abundance and species
composition of the zooplanktonic community in fry rearing ponds at Snobs Creek change
over time (see Chapter 5).  These changes, especially the decline in abundance of the
preferred prey of these fish (ie. cladocerans and copepods) in latter weeks, may be due to the
impact of fish predation.  Indeed, predation by planktivorous fish has been shown to alter the
zooplankton community structure by reducing the abundance of large-sized species, (Brooks
and Dodson 1965; Lynch 1979; Post and McQueen 1987).  The present study also showed
that fish stocked at a larger size (>25 mm) had lower overall SGR’s than fish stocked at a
smaller size (<25 mm).  However, these results should be interpreted with extreme caution,
since measures of SGR’s are dependent on initial weight which limits meaningful
comparisons among different groups of fish to those with a similar initial weight (Cho and
Bureau 1998).
In previous studies survival rates for Murray cod and trout cod reared in ponds were 60-90%
(Rowland 1992, Thurstan 1992) and 19.4 and 44.1% (Ingram and Rimmer 1992),
respectively.  In the present study, survival rates of Murray cod were comparable to these
while survival rates for trout cod were on average considerably higher than previously
reported.  As in the present study, Rowland (1996) found that survival of golden perch was
not affected by the duration of the culture period.  However, in the present study, extremely
low survival rates (<10%) were obtained in some ponds.  No one factor can explain these
events.  Survival in fry rearing ponds can be severely compromised by the occurrence of
ectoparasitic protozoan parasites, especially Trichodina, Chilodonella, Ichthyophthirius and
Ichthyobodo (syn. Costia) (Rowland and Ingram 1991).  In the present study, the incidence
of these parasites was observed in less than 23% of ponds stocked with fish (see Chapter 3).
Since these infestations were promptly treated according to protocols described in Rowland
and Ingram (1991), mortalities associated with parasitism did not constitute a major factor
affecting survival of fry in ponds.  Survival rates in these ponds were generally no lower than
observed in ponds where parasites were not recorded (personal observation).
Cannibalism and predation by aquatic invertebrates and birds may also have contributed to
loss of fish in earthen ponds (Johnston and Mathias 1993; Barlow 1995; González and Leal
1995; Rowland 1995).  Johnston and Mathias (1993) showed that the highest observed
mortality rates in first feeding walleye post larvae in culture ponds was associated with
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interspecific and intraspecific predation pressure.  Evidence of cannibalism was observed in
both trout cod and Murray cod during the present study, but extent to which it affected
survival in ponds was not determined.  Large numbers of dragonfly larvae have been
reported in fry rearing ponds at Snobs Creek (Ingram et al. 1997), and have been observed to
capture and consume Macquarie perch (personal observations).  However, removal of
marginal vegetation, which eliminated egg deposition sites for some odonate species has
reduced densities in the ponds (Ingram et al. 1997).  Cormorant predation has accounted for
significant losses of fish from aquaculture ponds (Barlow 1995, Rowland 1995) and may
have reduced fish numbers in some ponds during the present study, though a cormorant
management program limits their impact at Snobs Creek.
Condition of Murray cod, trout cod and Macquarie perch reared in ponds at Snobs Creek was
highest in the first few weeks following stocking, then generally declined thereafter.  Similar
trends were observed for pond-reared walleye and saugeye fry (Qin et al. 1994).  In the
present study, no correlations were detected between condition and either stocking density or
time spent in the ponds, which suggests that fish condition was being influenced by other
factors such as prey abundance (see Chapter 10).
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8 DIET COMPOSITION AND PREFERENCE
8.1 INTRODUCTION
Within the pond environment there are close trophic interactions between the fish and their
prey.  Identifying the preferred prey of juvenile fish reared in fertilised earthen ponds is an
important component to improving fish production.  For example, Rowland (1996) observed
a positive relationship between the survival of larval golden perch in ponds and the volume
of small zooplankton.  Management of ponds to increase the abundance of preferred prey has
the potential to enhance fish growth and survival.  This approach has been adopted in the
rearing of numerous species of juvenile fish in fertilised earthen ponds worldwide (Geiger
1983a, 1983b; Fox et al. 1989; Qin and Culver 1992; Anderson 1993c; Culver et al. 1993;
Jana and Chakrabarti 1993; Mims et al. 1995).
Conversely, fish have the ability to strongly influence zooplankton community structure
through size selective predation (Brooks and Dodson 1965; Gliwicz and Pijanowska 1989;
Christofferson et al. 1993; Fernando 1994).  Zooplanktivorous fish are capable of reducing
the abundance of large crustacean zooplankton, which results in an increase in phytoplankton
biomass, due to the decreased grazing pressure from herbivorous crustaceans, and an
increase in the abundance of small zooplankton taxa (Brooks and Dodson 1965; Geiger
1983b; Qin and Culver 1995; Arumugam and Geddes 1996; Qin and Culver 1996).  This
process is also known as the trophic cascade hypothesis (Carpenter et al. 1985).
Murray cod, trout cod and Macquarie perch are considered to be particulate feeders in the
early stages of life.  That is, they visually orientate to each prey item, and capturing it by
suction or gulping while swimming or darting toward the prey.  More detailed dietary studies
have been undertaken on larval and juvenile golden perch (Arumugam 1986b; Arumugam
1986c; Arumugam and Geddes 1987, 1988, 1992, 1996; Rowland 1996) than other
Australian percichthyids, which has been largely limited to coarse descriptions of diet only.
Calanoid copepods, cyclopoid copepods, Moina, Daphnia and chironomids have been
identified as common and important prey of juvenile pond-reared Murray cod (Rowland
1992) and trout cod (Ingram and Rimmer 1992).  Rowland (1992) suggested that the larvae
of Murray cod selectively preyed on crustacean zooplankton.
The importance of benthic prey organisms, especially chironomid larvae, has been
demonstrated for some species of pond-reared fish (Fox 1989; Stirling and Wahab 1990).
But Fox et al. (1989) indicated that in many studies prey numbers, as opposed to prey
biomass, has likely resulted in the importance of aquatic insects being under-emphasised in
the literature.  Chironomid larvae have been recorded in the diets of Murray cod and trout
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cod (Ingram and Rimmer 1992; Rowland 1992), but these studies did not identify the species
consumed and did not compare chironomid biomass with other prey.
The aims of this study were to describe the diet composition (numerically and as dry weight)
of juvenile Murray cod, trout cod and Macquarie perch reared in earthen ponds at Snobs
Creek, and to investigate prey preference (selectivity)
8.2 MATERIALS AND METHODS
Dietary analysis was conducted on Murray cod, trout cod and Macquarie perch reared in
separate earthen ponds at Snobs Creek over three consecutive seasons (1991/92, 1992/93 and
1993/94) (Murray cod: Trials 25, 44 and 70; trout cod: Trials 30, 46 and 73; Macquarie
perch: Trials 29, 51 and 75).  Commencing one week after stocking, five fish were collected
weekly from each pond using methods described in Chapter 2.  Fish were killed in an
overdose of anaesthetic then preserved in 5% buffered formalin.  Preserved fish were
dissected for gut contents at a later date.
On the same day that fish were sampled from the ponds, zooplankton species composition
and abundance, and chironomid species composition, age structure (instar) and abundance
were determined using methods described in Chapters 2, 5 and 6.  Zooplankton samples
were collected during all three seasons, but chironomid samples were collected during the
1992/93 seasons and 1993/94 seasons only.
Prior to dissection the total length, body depth (measured immediately anterior of the first
dorsal spine) and weight (to the nearest 0.001 g) and mouth gape (to the nearest 0.1mm)
were recorded for each fish.  Mouth gape was measured by turning the fish ventral side
uppermost and measuring the distance between the rear corners of the mouth using a
microscope fitted with calibrated eye-piece micrometer.
Dietary analysis was confined to the stomach because prey items in the intestinal tract were
considered to be in a more advanced state of digestion, which would have made
identification and enumeration more difficult.  The stomach, the section of the digestive tract
posterior to the oesophagus and immediately anterior to the sphincter at the level of the
pyloric caecae, was dissected from the fish and cut open.  Gut fullness index (GFI) was
subjectively determined for each stomach.  Five GFI categories were used viz, zero, which
represented an empty stomach, ¼, ½, ¾ and 1, which represented a full stomach.  The
contents of the stomach were transferred to a 10 mL capacity sorting tray and examined at
20x magnification with a dissecting microscope.  It has been suggested that rotifers are rarely
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observed in the stomachs of some small fish because they quickly digest (R. Shiel, pers
comm.).  Therefore, the contents of smaller fish were also transferred to a Sedgwick rafter
slide and examined for rotifer trophi (mouth parts which resist digestion) at 40x and 100x
magnification.
All prey taxa were identified to the lowest possible taxonomic level and counted.  Total
lengths of taxa were recorded for a minimum of 30 specimens from fish sampled from the
same pond on the same day.  Copepods (cyclopoids and calanoids) were measured from the
anterior edge of the carapace to the tip of the telson (excluding setae and hairs).  Cladocerans
were measured from the anterior end of he carapace to the posterior end (excluding the tail
spine).  Incomplete chironomid larvae lacking head capsules were not counted.  Both total
body length and head capsule length of each whole chironomid were measured.  Each
chironomid was then mounted in PVA for identification and determination of instar as
described in Chapter 6.
Prey composition and preference were analysed at three levels of resolution.  At the first
level, taxa were grouped taxonomically into, rotifers, copepod nauplii, calanoid copepods,
cyclopoid copepods, Moina, Daphnia, chironomids, other aquatic insects and other taxa.  At
the second level of resolution, the chironomids were split into Chironomus, Polypedilum,
Procladius and other chironomid genera, and at the third level, the most common
chironomid genera (Chironomus and Polypedilum) were split into size classes based on
larval instar (see Chapter 6).
Prey frequency of occurrence
The frequency of occurrence of prey taxa for each fish species was determined using the
formula:
examined stomachsofNo.Total
A Taxaprey  containing stomachs of No. A  Taxaprey  of occurence ofFrequency =
Prey composition
The proportions of prey taxa were calculated numerically for each stomach that were
examined using the formula:
stomachin  taxaallNo.Total
stomachin A  Taxaprey  of No. A  Taxaprey  of proportion Numerical =
However, because numerical estimates can overemphasise the importance of small prey
items taken in large numbers (Hyslop 1980), counts of each taxa were converted to dry
weight biomass using published length-dry weight relationships or mean dry weights (see
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Appendix II).  Proportions of prey taxa were then calculated on a dry weight basis (biomass)
for each stomach using the formula:
stomachin   taxaall of dry weight Total
stomachin A  Taxaprey  of dry weight Total A  Taxaprey  of proportion Dry weight =
Diet selectivity
Diet preference (selectivity) was measured applying the maximum likelihood estimator (α)
(Manly et al. 1972; Chesson 1983):
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where ni = number of taxa of type i present in the pond.
ri = number of taxa of type i in the gut of the fish.
i = 1,…..m.
m = the number of types of taxa to choice from in the pond.
This formulae assumed that food depletion occurred as a result of predation by the fish (ie. N
is not constant), and that the order of prey selection is not known.  Diet selectivity was
displayed graphically by using the selectivity index ε (Chesson 1983):
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where ε ranges from –1 to +1 with 0 representing no preference or selection.
Data analyses
Statistical analysis was undertaken on diet selectivity data only.  Selectivity indices may
sometimes be strongly influenced by prey items that are rare in the environment (Lechowicz
1982).  To reduce the number of taxa of low occurrence and facilitate statistical analysis of α
data, taxa were grouped according to the three levels of prey taxa resolution described above.
Analysis of α for each species of fish was undertaken using the General Linear Model
(GLM) procedure (SAS), adjusting for interactions between prey taxa, trial and time.  The
Tukey’s Multiple Range Test was used to identify significant differences in variance
between each prey taxa.  Statistical analysis of change in α over time in each trial for each
fish species was undertaken by regression procedure (SAS).
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8.3 RESULTS
Summaries of fish measurements, including number of fish dissected, fish length, body
depth, weight, mouth gape and proportion of fish sampled with empty stomachs are
presented in Table 8.1.  Significant positive correlations (P<0.05) occurred between fish
length, body depth, fish weight and mouth gape, and age for all three species of fish.
The mouth gape of Murray cod and trout cod were similar for fish of the same length,
whereas the mouth gape of Macquarie perch was significantly (P <0.05) smaller than Murray
cod and trout cod of a similar length (Fig. 8.1).  Prey length ranged from 0.15 to 12.0 mm,
though fish rarely consumed prey smaller than 0.4 mm in length (Fig. 8.2).  There was a
significant positive correlation between mouth gape and maximum length of prey consumed
for both trout cod (RHo = 0.275; P = 0.0406) (Fig. 8.2b) and Macquarie perch (RHo = 0.486;
P < 0.0001) (Fig. 8.2c), but not for Murray cod (RHo = -0.067; P = 0.630) (Fig. 8.2a).  The
maximum prey length for Murray cod and the minimum prey length for all species of fish
did not increase with increasing mouth gape.  Regression equations for the relationships
between mouth gape for each species of fish and maximum and minimum prey lengths are
presented in Table 8.2.
Twenty percent of Murray cod, 10% of trout cod and 6% of Macquarie perch had empty
stomachs (GFI = 0) (Table 8.1).  A significant negative correlation between GFI and time
spent in the ponds was observed for Murray cod (RHo = -0.27; P = 0.02288), whereas
correlations between GFI and time spent in ponds for trout cod and Macquarie perch were
not significant (P>0.05).
Total lengths and biomass (dry weights) of prey taxa recorded from the stomachs of Murray
cod, trout cod and Macquarie perch during the present study are presented in Table 8.3.
138
Table 8.1 Number, dimensions and weights of fish dissected for gut content analysis
during the present study.
Species Murray cod trout cod Macquarie perch
No. fish dissected 70 70 98
Length (mm) Range 15.6-52.3 19.2-43.2 8.3-53.4
Mean 31.4 31.2 25.0
Body depth (mm) Range 3.4-11.1 4.1-9.0 1.7-13.3
Mean 6.8 6.7 6.3
Weight (g) Range 0.058-1.78 0.106-1.067 0.005-2.269
Mean 0.583 0.521 0.399
Mouth gape (mm) Range 2.2-6.5 2.4-5.5 0.7-4.4
Mean 4.0 3.8 2.3
Proportion with empty guts 0.2 0.1 0.06
Macquarie perchMurray codtrout cod
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Fig. 8.1 Relationship between total length of Murray cod, trout cod and Macquarie perch,
and mouth gape (Murray cod mouth gape = 1.00 + 0.10·length (adj. R2 = 0.90).
Trout cod mouth gape = 0.77 + 0.10·length (adj. R2 = 0.79).  Macquarie perch
mouth gape = 0.50 + 0.07·length (adj. R2 = 0.89)).
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Fig. 8.2 Relationship between mouth gape and prey length and regression lines for
minimum and maximum prey length.  (a) Murray cod, (b) trout cod and (c)
Macquarie perch.
Table 8.2 Regression equation parameters for the relationships between mouth gape and
minimum and maximum prey length.
Fish species Prey size Regression parameters*
Prey length (mm) = a·(mouth gape) + b
Adjusted
R-square
a b
Murray cod Minimum -0.002 + 0.09 0.81 + 0.38 -0.02
Maximum -0.19 + 0.32 3.76 + 1.30 -0.02
trout cod Minimum 0.21 + 0.33 0.54 + 1.30 -0.01
Maximum 1.28 + 0.61 -0.57 + 2.39 0.06
Macquarie perch Minimum 0.15 + 0.11 0.41 + 0.27 0.01
Maximum 1.28 + 0.26 -0.85 + 0.63 0.23
*  Values = mean + standard error
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Table 8.3 Total length and estimated dry weight* of prey items recorded from the stomachs of
Murray cod trout cod and Macquarie perch reared in ponds at Snobs Creek.
Taxa Total length (mm) Dry weight (ug)
range mean range mean
Algae
Rotifera Keratella 0.24 0.5
Annelida Lumbriculus 7.0 698.6
Hydracarina 0.33-0.40 0.36 19.7
Crustacea Cladocera Bosmina 0.25-0.30 0.29 0.32-0.57 0.51
Daphnia 0.40-2.93 1.68 0.11-31.8 7.32
Moina 0.20-1.10 0.68 0.11-8.44 2.56
Simocephalus 0.65-1.75 1.02 1.81-46.6 11.62
Chydoridae 0.37 1.07
Ostracoda 0.35-1.40 0.71 30
Copepoda Calanoida 0.58-2.16 1.33 2.16-46.3 15.6
Cyclopoida 0.34-1.70 0.82 3.0-28.3 3.95
Nauplii 0.15-0.45 0.23 0.14-1.14 0.36
Insecta Ephemeroptera Tasmanocoensisl 5.7 648.3
Odonata Coenagrionidael 101.5 1.96x106
Hemiptera Corixidae 5.0-5.5 5.17 1,494-2,838 2050
Notonectidae Anisops 1.59 95.6
Coleoptera Dytiscidae Antiporusl 3.6 87.63
Hydrophilidae Berosusl 4.0-9.5 7.4 117-1,276 745.2
Trichoptera Oecetisl
Diptera Chaoboridae Chaoborusl 8.5-9.0 8.6 980-1,126 1,053
Chironomidae Ablabesmyial 3.0-6.5 4.2 53.6-345 147
Chironomusl 0.9-12.0 7.9 4.0-1,626 844
Chironomusp 6.0-7.0 6.5 288-406 339
Cladopelmal 2.6-3.0 2.7 46-65 51.2
Cladopelmap 4.5-5.5 5.0 151-237 194
Cladotanytarsusl 3.1 67.8
Cricotopus?l 3.1 67.8
Cryptochironomusl 2.0-6.2 3.9 24.9-347 139
Dicrotendipesl 3.1 67.8
Kiefferulus martinil 2.03-8.0 4.7 26.4-635 200
Kiefferulus sp.l 1.4-9.2 4.6 11.1-871 268
Paratanytarsusl 1.33-3.5 2.80 9.88-93.2 60.9
Polypediluml 1.12-9.5 4.85 0.9-230.5 51.6
Polypedilump 5.0-6.0 5.5 191-288 239
Procladiusl 1.50-8.7 4.10 10.1-692 139.5
Procladiusp 5.5-6.0 6.0 231-288 283
Reithia?l 3.1 67.8
Tanytarsusl 1.54-3.80 2.84 13.8-112 65.1
*  Determined from published length-dry weight relationships or mean dry weights (Appendix II)
l = larva.  p = pupa.
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8.3.1   Prey frequency of occurrence
The composition of prey recorded from the stomachs of Murray cod, trout cod and
Macquarie perch are presented in Table 8.4.  Of the 35 different taxa, 25 were recorded from
the stomach contents of Murray cod, 21 from the stomach contents of trout cod and 24 from
the stomach contents of Macquarie perch.  Diet composition between the three species of
fish was very similar, with 21 taxa (60%) being recorded from the stomachs of at least two
of the fish species.
The most common dietary taxa (frequency of occurrence >50%) were Moina (Murray cod
and Macquarie perch), Daphnia (Murray cod only), calanoids (Macquarie perch only),
cyclopoids (Murray cod and trout cod), and Chironomus larvae (trout cod only).  Less
common dietary taxa (frequency of occurrence 10-50%) included ostracods (Macquarie
perch only), Daphnia, Polypedilum, Procladius, Tanytarsus, Cryptochironomus and
Kiefferulus (Table 8.4).  Chironomid larvae occurred in the stomach contents of 55% of
Macquarie perch, 70% of Murray cod and 91% of trout cod.  Chironomid pupae occurred in
the stomach contents of 23% and 22% of Murray cod and trout cod, respectively, but
occurred in the stomach contents of 3% of Macquarie perch only (Table 8.4).
8.3.2   Diet composition
Murray cod
Overall, chironomids (mean proportion 24%), Moina (mean proportion 19%), cyclopoids
(mean proportion 16%), calanoids (mean proportion 14%) and Daphnia (mean proportion
13%) were numerically most abundant prey in the stomachs of Murray cod (Table 8.5).  On
a dry weight basis chironomids occurred in the highest proportions (mean 51%), followed by
calanoids (mean 12%) and Moina (mean 11%) (Table 8.5).  Up to 40 chironomids were
recorded per fish stomach.  Chironomids were observed in the stomach contents of fish of all
sizes during the study, but generally occurred in higher proportions (number and biomass) in
latter weeks, such as indicated in Trials 25 and 44 (Fig. 8.3a and b).  During Trial 25,
chironomids represented 70-99% of the biomass of stomach contents (Fig. 8.3a).  Up to 73
Moina were recorded per fish stomach.  In all trials, Moina was most abundant and common
in the stomach contents of Murray cod in the first week following stocking (Fig. 8.3).  In
Trials 25 and 44, Moina represented 62% and 88% respectively, of the stomach contents of
fish sampled one week after stocking (fish less than 20 mm) (Fig. 8.3a and b).
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Table 8.4 Diet composition of juvenile Murray cod, trout cod and Macquarie perch reared
in ponds at Snobs Creek.
TAXA Freq. of occurrence (%)
Murray
cod
Trout
Cod
Macquarie
perch
Algae 0 3.2 0
Rotifera Keratella 0 0 1.1
Annelida Lumbriculus 1.8 0 0
Hydracarina 1.8 0 1.1
Crustacea Cladocera Bosmina 0 0 5.4
Daphnia 50.0 12.7 0
Moina 50.0 42.9 57.6
Simocephalus 0 0 3.3
Chydoridae 1.8 0 0
Ostracoda 3.6 0 23.9
Copepoda Calanoida 48.2 44.4 51.1
Cyclopoida 67.9 58.7 43.5
Nauplii 7.1 6.3 1.1
Insecta Ephemeroptera Tasmanocoensisl 0 1.6 1.1
Odonata Coenagrionidael 1.8 0 0
Hemiptera Corixidae 5.4 6.3 4.3
Notonectidae Anisops 5.4 0 1.1
Coleoptera Dytiscidae Antiporusl 0 1.6 0
Hydrophilidae Berosusl 1.8 4.8 0
Trichoptera Oecetisl 0 0 1.1
Diptera Chaoboridae Chaoborusl 3.6 0 0
Chironomidae Ablabesmyial 3.6 0 2.2
Chironomusl p 44.6 69.8 15.2
Cladopelmal p 1.8 3.2 2.2
Cladotanytarsusl 0 1.6 0
Cricotopus?l 0 0 2.2
Cryptochironomusl 7.1 6.3 10.9
Dicrotendipesl 0 3.2 0
Kiefferulus martinil 3.6 7.9 8.7
Kiefferulus sp.l 10.7 3.2 5.4
Paratanytarsusl 1.8 14.3 1.1
Polypediluml p 26.8 17.5 30.4
Procladiusl p 37.5 22.2 12.0
Reithia?l 1.8 0 0
Tanytarsusl 7.1 12.7 13.0
(Total Chironomidael) (69.6) (90.5) (55.4)
(Total Chironomidaep) (23.2) (22.2) (3.3)
143
The numerical proportions of cyclopoids and calanoids in the stomach contents of Murray
cod were often highest in latter weeks following stocking, when fish were larger (ie 25-35
mm).  During Trial 44, calanoid biomass represented 67% of stomach contents of fish
sampled 29 days after stocking (Fig. 8.3b).  Up to 44 cyclopoids and 55 calanoids were
recorded per fish stomach.  The occurrence of Daphnia in the stomachs of Murray cod was
also highest in fish over 25 mm (Fig. 8.3b).  Up to 68 Daphnia were recorded per fish
stomach.
Of the chironomid genera, Chironomus (mean: 34% by number, 43% by biomass) and
Procladius (mean: 33% by number, 30% by biomass) exhibited the highest proportions in
Murray cod stomachs (Table 8.6).  Polypedilum was in higher proportions (numerical and
biomass), relative to other chironomids, in larger fish.  Procladius was more abundant in the
stomachs of fish during Trial 25 (16-81% of chironomid numbers) than other trial.  No
Procladius were collected from fish stomachs during Trial 70.  The number and biomass of
3rd and 4th instar larvae of both Chironomus and Polypedilum were higher in the stomachs
of fish than 1st and 2nd instar larvae of both genera (Table 8.7).  The 1st and 2nd instars of
Chironomus were more abundant in the stomachs of Murray cod in the first two weeks
following stocking.
Trout cod
The stomach contents of trout cod, were numerically dominated by chironomids (mean 39%)
followed by cyclopoids (mean 21%) and Moina (mean 20%) (Table 8.5).  The mean biomass
of represented between 38% and 95% (mean 74%) of stomach contents of trout cod, which
was substantially greater than any other prey (Table 8.5).  Up to 83 chironomids were
recorded per fish stomach.  Chironomids were present in the stomachs of all sizes of trout
cod, but were generally more abundant and common in latter weeks, as observed in Trials 30
and 46 (Fig. 8.4a and b).  Of the chironomid genera consumed by trout cod, Chironomus had
the highest proportions both numerically (mean 41%) and as dry weight (mean 60%) (Table
8.6).  Chironomus occurred in stomachs of all sizes of trout cod.  Fourth instar larvae of
Chironomus occurred in higher proportions (numerically and biomass) in the stomachs of
trout cod than earlier instars (Table 8.7).  Cyclopoids were commonly encountered in the
stomach contents and were observed throughout all trials and all but one sampling date.  Up
to 73 cyclopoids were recorded per fish stomach.  Moina were generally most abundant in
smaller fish (<20 mm) and within 1-2 weeks of stocking (Fig. 8.4).  During Trial 30, Moina
occurred in high numerical proportions in the stomach contents of trout cod (Fig. 8.4a), but
in Trials 46, Moina occurred in low numbers or was absent from the stomach contents of fish
(Fig. 8.4b).  Up to 150 Moina were recorded per fish stomach.
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Table 8.5 Proportion by number (mean % + s.e.) and proportion by dry weight (mean % +
s.e.) of prey taxa recorded in the stomachs of Murray cod, trout cod and
Macquarie perch reared in ponds at Snobs Creek.
taxa Murray cod Trout cod Macquarie perch
Number Dry
weight
Number Dry
weight
Number Dry
weight
Moina 19 + 4 11 + 4 20 + 4 8 + 3 34 + 4 18 + 3
Daphnia 13 + 3 4 + 2 3 + 2 2 + 2 0 0
Calanoids 14 + 3 12 + 4 8 + 2 3 + 1 20 + 3 18 + 3
Cyclopoids 16 + 3 5 + 2 21 + 4 4 + 1 13 + 2 5 + 1
Chironomids 24 + 4 51 + 6 39 + 4 74 + 4 17 + 3 39 + 4
Other insects 3 + 1 11 + 4 3 + 2 7 + 3 2 + 1 7 + 2
Other taxa 11 + 3 6 + 3 7 + 2 2 + 1 9 + 2 3 + 1
Table 8.6 Proportion by number (mean % + s.e.) and proportion by dry weight (mean % +
s.e.) of selected chironomid genera recorded in the stomachs of Murray cod,
trout cod and Macquarie perch reared in ponds at Snobs Creek.
Genus Murray cod Trout cod Macquarie perch
Number Dry
weight
Number Dry
weight
Number Dry
weight
Chironomus 34 + 6 43 + 7 41 + 5 60 + 5 18 + 5 24 + 6
Polypedilum 15 + 4 10 + 4 9 + 3 4 + 2 34 + 5 24 + 5
Procladius 33 + 6 30 + 4 10 + 3 8 + 3 10 + 3 11 + 4
Other chironomids 19 + 5 17 + 5 40 + 5 28 + 5 38 + 6 41 + 6
Table 8.7 Proportion by number (mean + s.e.) and proportion by dry weight (mean + s.e.)
of the instars of selected chironomid genera chironomid genera recorded in the
stomachs of Murray cod, trout cod and Macquarie perch reared in ponds at
Snobs Creek.
Instar* Murray cod Trout cod Macquarie perch
Number Dry
weight
Number Dry
weight
Number Dry
weight
Chironomus1  0  0 0 0 2 + 2 2 + 2
Chironomus2 6 + 3 3 + 2 7 + 2 4 + 2 4 + 2 2 + 2
Chironomus3 9 + 3 7 + 3 6 + 2 5 + 2 5 + 3 6 + 3
Chironomus4 17 + 5 30 + 6 24 + 4 50 + 5 7 + 3 13 + 4
Polypedilum2 1 + 1 0 1 + 1 0 5 + 2 0
Polypedilum3 1 + 1 0 1 + 1 0 10 + 2 3 + 1
Polypedilum4 11 + 4 9 + 4 6 + 2 3 + 2 19 + 4 21 + 5
Other chironomids 54 + 6 50 + 6 55 + 4 38 + 5 49 + 6 53 + 6
* Number after genus name equals larval instar as determined in Chapter 6
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Fig. 8.3 Numerical and dry weight (biomass) proportions of selected prey taxa in the
stomachs of Murray cod.  (a) Trial 25, (b) Trial 44.
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Fig. 8.4 Numerical and dry weight proportions of selected prey taxa in the stomachs of
trout cod.  (a) Trial 30, (b) Trial 46.
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Moina occasionally contributed to the dry weight biomass of stomach contents of trout cod.
During Trial 30, Moina dry weight represented 54% of the stomach contents on the 23rd day
after stocking (Fig. 8.4a).
Macquarie perch
In general Moina (mean proportion 34%) followed by calanoids (mean proportion 20%),
chironomids (mean proportion 17%) and cyclopoids (mean proportion 13%) were the most
abundant prey in the stomachs of Macquarie perch (Table 8.5).  However, Chironomid had
the highest biomass (mean proportion 39%) followed by Moina (mean proportion 22%) and
calanoids (mean proportion 18%) (Table 8.5).  In all trials, Moina was the most abundant
and common prey item in the stomach contents of Macquarie perch in the first two weeks
following stocking (Fig. 8.5a, b and c).  In particular, during Trial 75, Moina was the sole
prey item observed in the stomach contents of Macquarie perch sampled four days after
stocking (Fig. 8.5c).  In all trials, Moina biomass in the stomachs of fish was at its highest in
the first week, but in latter weeks biomass was low or no Moina were present (Fig. 8.5a, b
and c).  Up to 297 Moina were recorded per fish stomach.  Calanoids and cyclopoids were
absent or in low numerical proportions in the stomachs of small Macquarie perch (<15mm),
but were more common in larger fish.  During Trial 29, calanoids represented 85% of
stomach contents, 29 days after stocking (Fig. 8.5a), and during Trial 51, cyclopoids
represented 54% of stomach contents 35 days after stocking (Fig. 8.5b).  Calanoid biomass
was highest during the middle to latter weeks of stocking.  During Trial 29, calanoid biomass
in the stomachs of fish was between 60-73%, 19-41 days after stocking (Fig. 8.5a).  Up to
101 cyclopoids and 44 calanoids were recorded per fish stomach.
In all trials the abundance and biomass of chironomids in the stomachs of Macquarie perch
were highest 3-4 weeks following stocking.  During Trial 29 the highest chironomid biomass
(mean proportion 79%) occurred 41 days after stocking (Fig. 8.5a) while in Trial 51,
chironomid biomass was between 35% and 96%, but was highest (mean proportion 96%) 30
days after stocking (Fig. 8.5b).  Up to 23 chironomids were recorded per fish stomach.  On
average, Polypedilum occurred in higher numbers (mean proportion 34%) than other
chironomid genera, but chironomid biomass was dominated by both Polypedilum (mean
proportion 24%) and Chironomus (mean proportion 24%) (Table 8.6).  Chironomus
abundance and biomass in the diet of Macquarie perch were highest in the first two weeks
following stocking, but declined thereafter, whereas the Polypedilum occurred throughout
the growing period.  Procladius were observed in the stomachs of Macquarie perch during
Trial 29 only.  Higher proportions (numerically and dry weight) of 3rd and 4th instar larvae
of both Chironomus and Polypedilum were observed in the stomachs of Macquarie perch
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Fig. 8.5 Numerical and dry weight proportions of selected prey taxa in the stomachs of
Macquarie perch.  (a) Trial 29, (b) Trial 51, (c) Trial 75.
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than 1st and 2nd instar larvae (Table 8.7).  First and 2nd instar larvae of Chironomus were
observed in the stomachs of small Macquarie perch only (< 15 mm), whereas 3rd and 4th
instar larvae were observed in the stomachs of all size classes of fish.  All instars of
Polypedilum larvae were observed in all sizes classes of Macquarie perch.
8.3.3   Diet selectivity
Despite the presence of large numbers of rotifers and copepod nauplii in the zooplankton of
fry ponds (see Chapter 5), these taxa were rarely encountered in the diets of juvenile Murray
cod, trout cod and Macquarie perch.  In Trial 73, Daphnia were recorded in the pond at
densities up to 85 ind./L, but did not appear in the diet of trout cod reared in that pond.  The
chironomids Orthocladiinae spp. and Coelopynia pruinosa were not recorded in the diets of
fish, despite being present, at times in large numbers, in the benthos (see Chapter 6).  There
was one oligochaete only observed in the stomach contents of fish (a Murray cod) during the
present study, despite their high abundance in the ponds (see Chapter 6).
In general, ε indices estimated for cladocerans (Moina and Daphnia), adult copepods
(cyclopoids and calanoids) and chironomid larvae were highly variable with values ranging
almost the entire spectrum (ie. –1 to 1) for all three species of fish examined (Fig. 8.6).  In
contrast, rotifers and copepod nauplii in particular, which were often abundant in the ponds
exhibited strongly negative ε values (Fig. 8.6).  Analysis of ε values indicated that, over
time, that selectivity in all three species of fish changed, often significantly, from one week
to the next, and in some cases corresponded with changes in the abundance of taxa in the
ponds (Fig. 8.7).
Murray cod
Significant differences in prey selectivity observed for Murray cod (F6,153 = 5.66, P <0.0001)
(Fig. 8.6a).  In particular, selectivity for rotifers and copepod nauplii were strongly negative
and significantly lower than values for Moina and Daphnia.  Significant changes in ε for
selected prey taxa occurred over time.  During Trial 44, ε for Daphnia increased
significantly from –1 to nearly one over three weeks (P = 0.006, R2 = 0.35), while for Moina,
ε decreased significantly from nearly 1 to –1 between 8 and 15 days after stocking (P = 0.03,
R2= 0.42) (Fig. 8.7a).  Daphnia were observed in the plankton of the pond for much of the
sampling period, but densities declined in latter weeks (Fig. 8.7a).  On the other hand,
densities of Moina in the pond were initially high immediately following stocking, but had
declined dramatically within two weeks of stocking (Fig. 8.7a), which corresponded with the
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Fig. 8.6 Selectivity indices (box and whisker plot + 95% percentile) of selected prey items
consumed by (a) Murray cod, (b) trout cod, (c) Macquarie perch.  ● = mean ε
value.
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decline in ε for this species.  Significant changes in ε where not observed in other taxa
during Trial 44.
Examination of ε indices at the genus level for chironomid larvae indicated that Murray cod
were more likely to select zooplankton over a particular chironomid genus, such as
Chironomus (Fig. 8.8a).  Of the chironomid genera, Murray cod, selected for Chironomus
over other genera, however, this trend was not significant.  It should be noted that in the
ponds sampled, other chironomid genera were considerably less abundant than Chironomus.
Significant differences in the selectivity for different instars of chironomid genera were not
detected, however it was noted that the mean ε value for 4th instar Polypedilum was higher
than for earlier instars of this genus, and all instars of Chironomus (Fig. 8.9a).
Trout cod
Significant differences in selectivity were observed for trout cod (F6,188 = 24.95, P <0.0001)
(Fig. 8.6b).  Selectivity for cyclopoids (mean 0.15) and chironomid larvae (mean 0.45) were
significantly greater than other taxa (Fig. 8.6b).  In contrast, ε values for Moina, Daphnia
and calanoids did exceed zero, but mean values less than –0.8 (Fig. 8.6b).  During Trial 46, ε
values for cyclopoids increased significantly from –0.43 to 0.89 in latter weeks (P = 0.002,
R2 = 0.39), despite the decline in abundance of cyclopoid in the pond (Fig. 8.7b).  Even
though chironomid densities in the pond were highest on the final day of measurement (28
days after stocking), ε values decreased significantly from 0.32 to –1 on the final day of
measurement (P = 0.017, R2 = 0.24) (Fig. 8.7b).  ε values for other prey items remained low
(<0) and did not change significantly over time during the trial.
Of the chironomids, selectivity for Chironomus (mean 0.37) was significantly greater than
for other chironomid genera and zooplankton (rotifers, copepods and cladocerans combined)
(F10,199 = 3.65, P = 0.0002) (Fig. 8.8b).  Selectivity values for 4th instar Chironomus larvae
(mean 0.16) were considerably greater than for the earlier instar larvae of Chironomus and
the instars of other chironomid genera, but this trend was not significant (Fig. 8.9b).
Macquarie perch
Significant differences in prey selectivity were observed for Macquarie perch (F6,258 = 13.39,
P <0.0001) (Fig. 8.6c).  A positive mean ε value was observed for Moina (mean 0.06) only,
which was significantly higher than mean values recorded for all other prey (Fig. 8.6c).
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Fig. 8.7 Comparison of prey densities in the pond (zooplankton and chironomid larvae)
and selectivity (ε) for selected prey.  (a) Trial No 44, Murray cod.  (b) Trial No.
46, trout cod.  (c) Trial No. 51, Macquarie perch.  (d) Trial No. 75 Macquarie
perch.  (dashed lined = zero selectivity).
153
(d)
Rotifers Moina DaphniaNauplii Calanoids CylopoidsOstracods
Pl
an
kt
on
 d
en
si
ty
 (
in
d.
/L
)
0
240
480
720
960
1200
Time (days after stocking)
-10 0 10 20 30
Calanoids Cyclopoids DaphniaMoina Ostracods
Se
le
ct
iv
it
y 
in
de
x
-1.0
-0.5
0.0
0.5
1.0
Time (Days after stocking)
0 10 20 30 40
Fig. 8.7   Continued
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Fig. 8.8 Selectivity indices (box and whisker plot + 95% percentile) of selected
Chironomid genera and zooplankton (combined for rotifers, copepods and
cladocerans) consumed by (a) Murray cod, (b) trout cod, (c) Macquarie perch.
 ● = mean ε value.
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Fig. 8.9 Selectivity indices (box and whisker plot + 95% percentile) of instars of selected
Chironomid genera and zooplankton (combined for rotifers, copepods and
cladocerans) consumed by (a) Murray cod, (b) trout cod, (c) Macquarie perch.
 ● = mean ε  value.
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During Trials 51 and 75, selection for Moina was positive in the weeks immediately
following stocking, but declined significantly to a negative value in latter weeks (Trial 51: P
= 0.016, R2 = 0.24.  Trial 75: P = 0.0004, R2 = 0.45) (Fig. 8.7c and Fig. 8.7d).
Correspondingly, in both trials the abundance of Moina in the plankton was highest at the
time of stocking, but declined thereafter (Fig. 8.7c and Fig. 8.7d).  During Trial 51,
cyclop oids were abundant in the pond in the early weeks but later declined, yet ε was less
than zero in the early weeks and increased significantly to a maximum value of 0.88 on the
final day of sampling (P = 0.003, R2 = 0.37) (Fig. 8.7c).  During trial 75 a significant and
generally positive increase was observed in selection for calanoid copepods, which more or
less corresponded with an increase in their abundance in the pond (Fig. 8.7d).
Macquarie perch exhibited, on average, a positive selection for Polypedilum (mean 0.16),
which was greater than for other chironomid genera, but not significantly so (Fig. 8.8c).
Significant differences in ε were not detected between chironomids instars (Fig. 8.9c).
8.4 DISCUSSION
The present study showed diets of juvenile Murray cod, trout cod and Macquarie perch
reared in fry ponds are similar.  The most common and abundant prey consumed by these
fish were the cladocerans Moina and Daphnia, calanoid copepods, cyclopoid copepods and
chironomid larvae.  Not surprisingly, these taxa commonly occur in abundance in fertilised
fry ponds (Geiger 1983a; White 1986; Vikram and Malla 1989; Wahab and Stirling 1991;
Culver and Geddes 1993; Ingram et al. 1997), including the ponds at Snobs Creek (see
Chapters 5 and 6).  These results confirm findings from other dietary studies of these species
and the juveniles of other percichthyids.  Calanoids, cyclopoids, Moina, Daphnia and
chironomids have previously been recorded from the stomachs of juvenile pond-reared
Murray cod (Rowland 1992), trout cod (Ingram and Rimmer 1992) and golden perch
(Arumugam 1986b).
The significant negative correlation between GFI values for Murray cod and time spent in
ponds may due to a reduction in the availability of preferred prey, perhaps as a result of
overgrazing by the fish.  As the fish grow, the biomass of fish increases and consequently the
demand for food resources intensifies.  As a result, in the latter weeks of stocking, food
resources may be increasingly overgrazed.  Indeed, this scenario is further exasperated when
fish are stocked at higher densities.  In the latter weeks of stocking, the reduction in food
resources associated with overgrazing results in reduced growth rates (Hepher et al. 1989;
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Culver et al. 1993; Welker et al. 1994), which was observed in stocking density experiments
conducted on Murray cod as part of the present study (see Chapter 7).
The present study indicated that Murray cod, trout cod, and Macquarie perch have upper
prey size limits and that the maximum size of prey ingested generally increased with
increasing mouth gape.  Similarly, mouth gape size predicted the upper limit of prey size in
three species of larval fish; larval yellow perch, freshwater drum and black crappie
progressively selected larger prey as they grew (Schael et al. 1991).  Small walleye
consumed zooplankton as large as their mouth gape would allow (Graham and Sprules
1992).  Feeding in juvenile golden perch was limited by mouth gape (Arumugam and
Geddes 1987).
Size selective feeding by predacious fish is well known, especially amongst the
planktivorous species (Brooks and Dodson 1965; Drenner and McComas 1980; Culver et al.
1984; Christofferson et al. 1993).  The size range of prey consumed by juvenile Murray cod,
trout cod, and Macquarie perch increased with increasing fish size.  In other words, larger
fish had access to a wider range of prey, but continued to consume smaller taxa such as
Moina.  These observations are consistent with other dietary studies (Hansen and Wahl
1981; Ponton and Muller 1990; Schael et al. 1991).  Through experience, fish may learn to
utilise familiar prey size classes (Hansen and Wahl 1981), which would contribute to
continuing selection of smaller prey even when larger prey are present (Schael et al. 1991).
The results from the present study suggested that in juvenile percichthyids consumed prey
that was most common and abundant, within the limitations imposed by mouth gape.  Yet,
these fish rarely consumed prey less than 0.4 mm in length, such as rotifer and copepod
nauplii that were common and abundant in the plankton.  Rotifers and copepod nauplii have
been identified as an important part of the diet of larval fish stocked into fry rearing ponds
and often stocking of ponds with larvae is done when large blooms of rotifers are present
(Sukop 1981; Li et al. 1996; Ludwig 2000).  Stocking of silver perch larvae into fertilised
ponds is timed to coincide with food organisms such as Brachionus rotifers (Thurstan and
Rowland 1995).  Despite the presence of an abundance of rotifers and copepod nauplii in the
ponds during the present study, Murray cod trout cod and Macquarie perch preferred not to
consume these species.  In comparison, Rowland (1992) found that larval Murray cod held in
tanks rarely consumed rotifers.  It is possible that rotifers and nauplii were more quickly
digested than other, larger, prey and therefore underestimated in dietary analysis.  However,
examination of samples of gut contents under high magnification during the present study
failed to identify the presence of rotifer trophi, which resist digestion.
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During the study, algal cells (Micrasterias and Pediastrum) were observed in the diet of two
trout cod only.  Algal cells have also been observed in the diet of larval golden perch
(Arumugam 1986b).  However, these occurrences were most likely due to accidental
ingestion by fish in pursuit of other, preferred, prey.
The present study showed that both prey selection and diet composition of Murray cod, trout
cod, and Macquarie perch changed as they grew.  These fish generally consumed Moina at
the time of stocking, but shifted to adult copepods, Daphnia (with the exception of
Macquarie perch) and chironomid larvae in latter weeks.  Moina was a common and
abundant prey item in the diet of juvenile Murray cod, trout cod and Macquarie perch,
especially in the first 1-2 weeks immediately following stocking, when fish were small.  This
may have been due to the fact that Moina were most abundant in the ponds at this time.
Initial peaks in the density (up to 1,400 ind./L) of Moina usually occurred in the 3rd week
after filling (Chapter 5), which was the same week that fish were usually stocked into the
ponds (See Chapter 3).  On the other hand, Murray cod consumed Daphnia in latter weeks of
stocking and, in Trial 44, selectivity increased significantly over time.  Although Daphnia
were present in the early weeks of Trial 44, their large size (mean 1.68 mm) may have
limited predation by smaller Murray cod.  Arumugam and Geddes (1988) noted that the
mouth gape of golden perch limited their choice to smaller size classes of Daphnia.
Predation on Daphnia may have been further limited by the ability of Daphnia to develop
large tails spines and head helmets on the carapace to protect against predation (Mitchell
1978; Grant and Bayly 1981; Kolar and Wahl 1998).  In the weeks immediately after
stocking, Moina would have been more easily consumed because of their smaller size (mean
0.68 mm) and the absence of tail spines and helmets.  The relatively smaller mouth gape of
Macquarie perch, compared to Murray cod, combined with the large size of Daphnia, may
have contributed to the strongly negative selection for Daphnia by Macquarie perch.
The abilities of the fish to capture prey may limit prey selection.  Poor visual capabilities are
thought to reduce the capacity of small sunfish to choose prey (Walton et al. 1992).  Poor
swimming abilities and small mouth gape restricted diet selection in larval golden perch
(Arumugam and Geddes 1987).  Schael et al. (1991) partly attributed variations in prey
selection between three species of larval fish to differences in mouth gape to fish length
relationships.  Other factors may include visibility of prey (size, contrast or degree of
pigmentation, and movement, reproductive stage), escape ability, and distribution and
abundance of prey (Werner and Hall 1974; Drenner and McComas 1980; Kerfoot 1982;
Buskey 1994).
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Negative selection for copepods by piscivorous fish may be due to their ability to avoid
predation.  Copepods are able to accelerate rapidly and manoeuvre quickly to evade
predation while in comparison, cladocerans have limited locomotory abilities (Kerfoot et al.
1980).  The increase in the occurrence of copepods in the diets of Murray cod, trout cod and
Macquarie perch in latter weeks may have been due to a strengthening of swimming and
food capturing abilities of these fish.
The shifts in diet composition observed in growing Murray cod, trout cod and Macquarie
perch in the present study have also been recorded for other species.  Johnson (1996) found
that larval shad mainly consumed copepods and cladocerans while juveniles ate chironomids
and ostracods.  Graham and Sprules (1992) found that juvenile Walleye in Oneida Lake
(New York) underwent distinct changes in diet type and size as they grew from 7 mm to 38
mm in length, and concluded that these changes were a result of active selection.  Rowland
(1992) suggested that the shift in diet composition of Murray cod from zooplankton
(copepods and cladocerans) to aquatic insects was in part due to a decrease in larger
zooplankton.
Previous dietary studies of have recorded chironomids in the gut contents of juvenile pond-
reared percichthyids (Arumugam 1986b; Ingram and Rimmer 1992; Rowland 1992).
However, these studies understated the importance of chironomids in the diets of these fish.
The current study showed that chironomids were the most frequently encountered prey in the
diets of Murray cod and trout cod (2nd most for Macquarie perch), were in highest
proportions numerically for both Murray cod and trout cod, and had by far the highest dry
weight biomass for all three species of fish.
Chironomus, Polypedilum and Procladius were the most common genera in the diets of the
fish in the present study.  These same genera were also the most common and frequently
encountered chironomids in the ponds at Snobs Creek (see Chapter 6).  Chironomus larvae
were strongly selected for by trout cod.  Murray cod consumed Chironomus and Procladius
larvae but the proportion of Polypedilum in their diet increased in latter weeks.  Macquarie
perch, in contrast, selected more strongly for Polypedilum than other chironomid genera.
These trends correlated with species composition and abundance patterns observed in
chironomid larvae in the ponds at Snobs Creek (see Chapter 6).  Chironomus was most
abundant in ponds after they were first filled each season, but were rarely collected in later
months, whereas Polypedilum, which was rarely collected early in the season, became the
most abundant species later (Chapter 6).  Trout cod were always the first species to be
stocked into the ponds each season, followed by Murray cod (0-39 days after trout cod) and
finally Macquarie perch (17-46 days after trout cod) (see Chapter 3).  Trout cod were stocked
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into ponds at times when Chironomus was most abundant (early in the season) whereas
Macquarie perch were stocked into ponds later in the season, when Polypedilum were most
abundant.
Burrowing and tube–dwelling chironomid species may be less susceptible to predation than
species which graze outside their tubes or are free-living (Hershey 1987).  Wahab et al.
(1989) suggested that trout selectively preyed on the larger more active predatory (free-
living) chironomid species.  Yet in the present study, selectivity for Procladius (free-living
predatory species) by all species of fish, was lower than for the more common species of
Chironomus and Polypedilum (burrowing/tube-dwelling species).  Alternatively, the larger
larvae of Chironomus, may have been more visible due to their bright red coloration
associated with the presence of haemoglobin (Pinder 1986), and as a result more been
susceptible to predation.  Hershey (1985) suggested that the bright red colouration may have
attracted sculpin to Paratendipes.
Late instar larvae, especially 4th instar larvae, occurred in higher proportions numerically
and on a dry weight basis in the stomachs of all three species of fish than did early instar
larvae.  These results contradict other chironomid predation studies.  Tokeshi (1995c)
suggested that larger chironomid larvae were less susceptible to predation as they were able
to burrow deeper into the substrate and/or to construct more secure tubes.  In laboratory
expects Macchiusi and Baker (1991) showed that small larvae, which spent more time out of
their tubes than large larvae, were selectivity preyed on by fish.  Hershey (1985)
demonstrated that the reduction in chironomid densities by fish predation was due to a
reduction in the density of small chironomids.  The depth to which different chironomid
species and instars penetrate, and the depth to which native fish forage in ponds at Snobs
Creek are not known.
After Chironomus, Polypedilum and Procladius, Orthocladiinae spp. larvae were the next
most abundant chironomid larvae ponds at Snobs Creek (see Chapter 6).  Yet these species
were absent from the diets of the fish examined.  The present study showed that a high
proportion (33%) of all Orthocladiinae spp. specimens collected from the ponds were
encased in a “cocoon” constructed of sand grains (see Chapter 6).  This habit would have
prevented predation by fish, while free living Orthocladiinae spp. may have occupied
habitats in the ponds not accessible by fish, such as deep within the substrate.
Oligochaetes were common and abundant in the ponds during the present study (See Chapter
6), but Murray cod, trout cod and Macquarie perch generally did not include them in their
diet.  Stirling and Wahab (1990) showed that brown trout positively selected for chironomids
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but avoided or negatively selected for oligochaetes while Lellak (1978) indicated that carp
fed on chironomids more intensely than oligochaetes in ponds.  As suggested by Stirling and
Wahab (1990), the burrowing habit of these oligochaetes may have restricted access to
oligochaetes in the ponds at Snobs Creek by feeding fish.  Conversely, being soft-bodied,
oligochaetes may be rapidly digested in the stomachs of fish and so may be underestimated
in dietary studies (Stirling and Wahab 1990).  In the present study, close examination of gut
contents failed to detect the presence of oligochaete setae, which would have resisted
digestion.
Selectivity indices in the present study were highly variable which restricted interpretation of
the results.  Diet selectivity indices have their limitations (see Lechowicz 1982).  Inadequate
sampling of the environment in which the prey are located, disparities in availability of prey
to the fish and differing rates of digestion of prey by fish may lead to significant errors in
interruption of results (Strauss 1979).  Indeed, despite, a high selection for cyclopoid
copepods by trout cod in the latter weeks of Trial 46, densities of cyclopoid copepods in the
ponds were relatively low compared to other prey taxa.  This species may have been under
represented in zooplankton samples.  Cyclopoids are predominantly benthic, occurring in
shallow and/or vegetated habitats such as the edges of ponds (Williams 1980; Dussart and
Defaye 1995).  The Integrated tube sampler used to collect plankton samples in the present
study may not have adequately sampled plankton from near the pond substrate (see
Chapter 5).
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9 CHEMICAL COMPOSITION OF FISH AND
PREY
9.1 INTRODUCTION
Knowledge of the proximate composition of zooplanktonic organisms provides important
insights of production processes in aquatic environments (Vijverberg and Frank 1976).
Nutritional conditions for the efficient growth of larval and juvenile stages of fish may be
determined by the biochemical composition of prey.  Indeed, Chang (1986) indicated that
maximising the growth of fish fry depends not only on having appropriate numbers and sizes
of zooplankton, but also on having zooplankton that contain appropriate nutrients.
Therefore, determination of the proximate composition of natural food may assist in the
estimation of the nutritional requirements of juvenile Murray cod, trout cod and Macquarie
perch, and in addition, assist in the development of artificial diets for aquaculture purposes.
The proximate composition of natural food and prey items of fish in aquaculture have been
investigated (Ashevskii 1974; Yurkowski and Tabachek 1979; Dabrowski and Rusiecki
1983; Watanabe et al. 1983; Awaiss et al. 1992; Jana and Manna 1993) (see Appendix III).
However, similar studies have not been undertaken for Australian conditions, though Kibria
et al. (1999) assessed the nutritional quality of two wastewater-grown cladocerans (Daphnia
carinata and Moina australiensis) for rearing silver perch.
Proximate composition analysis of fish may provide knowledge of their nutritional
requirements, however little is information is available for juvenile Murray cod, trout cod
and Macquarie perch.  Gunasekera et al. (1999a, 1999b) studied the amino acid profiles and
fatty acid composition of the eggs and newly hatched larvae of trout cod and Murray cod,
and Gunasekera et al. (2000) investigated the effects of dietary protein on the growth of
juvenile Murray cod.  Proximate composition analysis and fatty acid composition analysis
have been undertaken on mature Macquarie perch only (Sheikh-Eldin et al. 1995; Sheikh-
Eldin et al. 1996).
The aims of this study were to determine the proximate composition of key prey of juvenile
Murray cod, trout cod and Macquarie perch reared in fry rearing ponds at Snobs Creek, and
to investigate changes in the proximate composition of these fish during grow-out in the
ponds.
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9.2 MATERIALS AND METHODS
9.2.1 Sample collection
Key Prey items, identified from dietary studies undertaken as part of the present study were
Daphnia, Moina, calanoid copepods (Boeckella), cyclopoid copepods and chironomid larvae
(see Chapter 8).  Of these, only cyclopoid copepods could not be collected in sufficient
quantities for proximate composition analysis.  Although not identified as a component of
the diet of fish reared in the ponds, on two occasions a sample of the rotifer Brachionus
calyciflorus were also collected.
To facilitate the collection of a large biomass of material of each food item required for
proximate composition analysis, plankton samples were collected with a plankton net (150
µm mesh) when plankton blooms in ponds became numerically dominated by the target
species.  In the laboratory sieving through a series of Endecott sieves (several apertures)
assisted in purification of samples as well as separation of size classes.  Further, purification
was achieved by bubbling air into the samples, which caused the cladocerans to float.
Following these processes a sub-sample was examined under a dissecting microscope to
determine sample purity.  Samples in which the composition of the target species was less
than 90% were discarded.  For each sample of Moina, Daphnia, Boeckella and Brachionus
collected, the total length of 50 individuals were measured to the nearest two decimals places
using a dissecting microscope fitted with a calibrated eye-piece micrometer.  In addition, the
proportion of Daphnia and Moina that were carrying either eggs/neonates or ephippia was
determined for each sample.  Chironomid larvae were hand-picked from sediment samples
collected from the ponds.
Samples of zooplankton (Moina Daphnia and Boeckella only) were segregated into
categories based on size (small, medium and large), time of collection relative to season,
(spring = pre 1 January, summer = post 1 January), and age of bloom relative to day of
filling (ie. 0-2 weeks, 2-4 weeks, 4-6 weeks and 6-8 weeks post filling).  Insufficient material
was obtained to segregate chironomid and Brachionus samples into these categories.
Macquarie perch (Trials 68 and 75), Murray cod (Trial 70) and trout cod (trial 73) were
sampled from ponds weekly from day of stocking until harvest.  Sampling methods for fish
are described in Chapter 2.  After collection 10 fish of each species were killed in an
overdose of anaesthetic, weighed to the nearest 0.1 mg, then dried to a constant weight
according to method described below.
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9.2.2 Proximate and chemical analysis
Where sufficient material was available, a minimum of two measurements was taken for
each of the following parameters.  Chiton was not analysed in crustaceans on the basis that it
is not assimilated by predators (Vijverberg and Frank 1976) and of limited nutritional value.
Each sample was dried on blotting paper, then placed in a pre-weighed porcelain or glass
dish, which had been washed, dried at 60oC, then cooled in a desiccator before being
weighed.  Samples and dishes were weighed to the nearest 0.1 mg then dried to a constant
weight in an oven at 60oC.  After weighing samples were then ground in a mortar and pestle
placed, into a scintillation vial and frozen for later analyses.
Energy
Energy (kj/g) was determined by combusting a 0.2 g pre-dried sample (weighed to the
nearest 0.1 mg) in a Gallenkamp Ballistic Bomb Calorimeter.  Powdered sucrose (16.7 kj/g)
was used as a standard to calibrate the calorimeter.
Energy content of planktonic prey taxa (Moina, Daphnia, calanoids cyclopoids) and
chironomids on a pond scale was determined for all pond fillings and compared against
abundance data for these taxa.  Numerical abundance of these taxa (see Chapters 5 and 6)
were converted to dry weight biomass using published length-dry weight relationships or
mean dry weights (see Appendix II).  Dry weight biomass values were then converted to
energy values using estimates of energy content of respective taxa determined during the
present study.  Energy values for calanoids were used in the absence of values for
cyclopoids.  Energy content data were then compared with abundance data for
Protein
Protein content was determined using methods described by Peterson (1977).  Pre-dried
samples weighing approximately 0.05g (weighed to the nearest 0.1 mg) were placed in 4 mL
of 6 M NaOH, vortexed and then heated to 70oC in a water bath for 3 hours or until
solubilised.  Each sample was then diluted to give 20–50 µg/mL of tissue.  To 100 µL of
diluted sample, 1.0 mL of reagent containing equal volumes of copper tartate carbonate, 10%
SDS and distilled water was added and then left to stand for 10 min. at room temperature.
Five hundred µL of 0.1 M Folin-Ciocalteu phenol reagent was then added to each sample
that was immediately shaken then left to stand for 30 min.  The resultant absorbance was
read at 750 nm in reference to a reagent blank.
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Ash
Ash content was determined by placing 0.2 g (weighed to the nearest 0.1 mg) of a pre-dried
sample into pre-weighed crucible and incinerating in a furnace at 550oC for 6 hours,
following which samples were allowed to cool in a desiccator before re-weighing.
Total crude lipids
Pre-dried samples of approximately 50 mg (measured to the nearest 0.1 mg) were placed in
10x50 mm cellulose extraction thimbles, which were placed into a Büchi 810 Soxhlet fat
extraction apparatus.  Lipids were extracted from samples using a 2:1 chloroform/methanol
solution.  Extraction continued until a constant weight in samples was obtained (up to 6
days).
Amino acids
Samples of approximately 6.0 mg (weighed to the 0.1 mg) were hydrolyzed in 1.0 mL
degassed 6 M HCl at 110oC for 24 hrs.  The resultant hydrolysate was freeze dried and then
resuspended in 500 µL 95% methanol (HPLC grade), and 5 mM NaAc (pH 6.8).  Twenty µL
of the this solution was added to a solution of 2.0 µL/mL 2-mercaptoethanol, 1 mL
acetonitrile and 62.5 µmol/mL homoserine as the internal standard.  The resultant solution
was then vortexed and centrifuged at 8,000 g for 10 min.  Twenty µL of the supernatant was
transferred to a clean sample tube and the pellet discarded.  Amino acid content of samples
undertaken by reverse phase high performance liquid chromatography (HPLC) through pre-
column derivitisation with 2-phthaldialdehyde, as described by Uhe et al. (1991).  It should
be noted that drying samples at 60oC may have destroyed some of the amino acids.
Tryptophan was not analysed due to its destruction by acid hydrolysis.
9.2.3 Data analysis
Prior to analysis data were log transferred to ensure homogeneity.  Data were analysed using
the General Linear Model (GLM) procedure (SAS Version 6.1 software, SAS Institute, Inc.,
Cary, North Carolina, USA) to test for a significant difference (0.05 level) between samples.
Where significant differences were detected, Tukey's Multiple Range Test was used to
identify significant differences in variance between each sample.
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9.3 RESULTS
9.3.1 Prey
The number of samples collected for each species, size group, season and age (age of blooms
- days after filling), is presented in Table 9.1, while length measurements of each species are
presented in Table 9.2.  The proportion of Moina and Daphnia that were carrying either
eggs/neonates or ephippia, for each category, is presented in Table 9.3.  A summary of
proximate composition analysis for each food item assayed is presented in Table 9.4
Significant differences between food items were observed for moisture (F4,32 = 8.63, P =
0.0001), ash (F4,50 = 76.91, P = 0.0001), total crude lipids (F4,83 = 5.86, P = 0.0003), protein
(F4,53 = 15.80, P = 0.0001), and energy (F4,58 = 14.92, P = 0.0001) (Table 9.4).  Moisture
ranged from 83.0% (Chironomidae) to 91.5% (Daphnia).  Energy content of species
measured ranged from 4.5 kj/g (Daphnia) to 5.99 kj/g (Moina).  The ash content was highest
in Daphnia (18.8%) and lowest in Boeckella (4.2%).  With the exception of Chironomidae
(25.7%) and Brachionus (57.0%), which were significantly different from each other and
each other, no other significant differences were observed between species for total crude
lipid content (Table 9.4).  The protein content of Chironomidae (11.9%) was significantly
lower than for other species measured (49.9%-65.8%).
A summary of essential amino acids (EAA) is presented in Table 9.5.  A summary of non-
essential amino acids measured in food items is presented in Appendix IV.  Significant
differences in EAA for food items was observed for Methionine only (F2,45 = 4.34, P =
0.0189) (Brachionus and Chironomidae excluded from analysis due to insufficient samples)
(Table 9.5).
The protein content of Moina was significantly greater in large and small sized animals than
in medium sized animals (F2,10 = 6.36.22, P = 0.0165) (Table 9.6).  Large Daphnia had a
significantly lower ash content (F2,15 = 8.49, P = 0.0034) , and a significantly greater energy
value (F2,19 = 5.54, P = 0.0127), than did either medium or small Daphnia (Table 9.6).
Moisture content generally declined with increasing size of animal size, but not significantly
so.  No other significant differences in moisture content, crude lipid content and EAA
composition were observed for animal size.
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Table 9.1 Number of food items samples collected for each taxonomic group and
category.
Category Boeckella Moina Daphnia Brachionus Chironomidae
Size group: Large 3 2 4 - -
Medium 3 2 4 - -
Small 3 4 4 - -
Season: Spring 3 2 4 2 0
Summer 6 3 4 0 1
Age of bloom (weeks after filling):
0-2 weeks 0 3 0 2 0
2-4 weeks 2 1 2 0 0
4-6 weeks 6 1 4 0 0
6-8 weeks 1 0 1 0 1
Total 9 5 8 2 1
Table 9.2 Length measurements (range, mean and s.e.) for each size group sampled.
Species* Size group Range (mm) Mean (mm) S.e. (mm)
Boeckella Large 1.30-1.48 1.34 0.023
Medium 0.76-0.81 0.79 0.007
Small 0.60-0.73 0.64 0.019
Total 0.06-1.48 0.89 0.058
Brachionus Total 0.363-0.372 0.368 0.003
Daphnia Large 2.51-3.22 2.79 0.072
Medium 1.98-2.42 2.14 0.054
Small 0.9-1.36 1.23 0.045
Total 0.9-3.22 2.12 0.114
Moina Large 0.87-0.94 0.90 0.013
Medium 0.67-0.77 0.73 0.017
Small 0.63-0.66 0.65 0.004
Total 0.63-0.94 0.76 0.024
* No measurements obtained for chironomid larvae
Table 9.3 Proportion (mean + s.e.) of Daphnia and Moina which were carrying either
eggs/neonates or ephippia.
Species Category Proportion with
eggs/neonates
Proportion with
ephippia
Daphnia Size Large 0.42 + 0.06 0.06 + 0.01
Medium 0.04 + 0.01 0.05 + 0.02
Small 0 0
Season Spring 0.09 + 0.08 0.07 + 0.02
Summer 0.22 + 0.04 0.02 + 0.00
Age 2-4 wks 0.48 + 0.15 0.02 + 0.01
4-6 wks 0.16 + 0.04 0.03 + 0.01
6-8 wks 0 0.07 + 0.03
Moina Size Large 0.27 + 0.1 0.21 + 0.04
Medium 0.38 + 0.13 0.01 + 0.01
Small 0.06 + 0.02 0
Season Spring 0.21 + 0.06 0.10 + 0.03
Summer 0.20 + 0.14 0.01 + 0.01
Age 0-2 wks 0.24 + 0.06 0.09 + 0.03
2-4 wks 0.06 + 0.00 0.03 + 0.00
4-6 wks 0.11 + 0.00 0.01 + 0.00
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Table 9.4 Mean (+ s.e.) proximate composition (by dry weight) and energy of food items.
Species Moisture
(%)*
Ash
(%)*
Lipids
(%)*
Protein
(%)*
Energy
(kj/g)*
Boeckella 87.3+0.7bc 4.2+0.3c 49.1+2.2ab 65.8+4.3a 5.50+0.08a
Brachionus 90.4+2.3ab 6.6+0.8bc 57.0+1.6a 45.7+1.7ab 5.49+0.12ab
Chironomidae 83.0+0.4c 14.0+0.2ab 25.7+3.2b 11.9+2.1c 5.09+0.14ab
Daphnia 91.5+0.5ab 18.8+1.4a 42.7+1.4ab 42.9+2.3d 4.50+0.12b
Moina 89.8+0.8ab 6.7+0.6b 56.0+2.1ab 58.7+4.1a 5.99+0.33a
* Values with the same letter (superscript) are not significantly different from
each other for species (Tukey’s multiple range test)
Seasonal variations in proximate analysis of food items were observed in the ash content of
Moina (F1,9 = 9.7, P = 0.0124) and Daphnia (F1,15 = 14.78, P = 0.0016), which were both
lower in summer (Table 9.6)  Total crude lipid content of Moina (F1,17 = 21.21, P = 0.0003)
and Boeckella (F1,23 = 5.76, P = 0.0249) was significantly lower in summer than spring,
whereas the opposite trend was observed in Daphnia (F1,29 = 17.93, P = 0.0002) (Table 9.6).
Significant seasonal changes in protein content were observed for Daphnia only (F1,18 =
13.08, P = 0.0020), which was greater in summer than spring (Table 9.6).
Significant seasonal changes in the EAA composition were observed in Daphnia only for
threonine, methionine, valine, phenylalanine, isoleucine, leucine, lysine and total amino
acids, which were all significantly greater in summer than spring (P<0.05) (Table 9.5).  A
similar trend was observed for the EAA content of Boeckella, whereas the opposite trend
was observed for Moina (Table 9.5).  However, neither of these latter trends was significant.
Significant changes in the protein content of Moina were observed as the age of the bloom
(relative to days after filling) increased (F2,10 = 7.94, P = 0.0086);  highest concentrations of
protein were observed at the beginning of the bloom (0-2 weeks after filling), then again
towards the end of the bloom (4-6 weeks after filling) (Table 9.6).  The Ash content of
Daphnia increased significantly as the age of the bloom increased (F2,15 = 6.73, P = 0.0082)
(Table 9.6).  The total crude lipid content of Daphnia was significantly greater at the
beginning of the bloom (0-2 weeks after filling) (F2,29 = 9.20, P = 0.008) (Table 9.6).
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Table 9.5 Essential and total amino acid (mg amino acid/g sample) composition of food items reared in ponds at Snobs Creek (Mean +s.e.).
Species/
Variable
Group Histidine
(HIS)
Threonine
(THR)
Arginine
(ARG)
Methionine
(MET)
Valine
(VAL)
Phenylalanine
(PHE)
Isoleucine
(ISO)
Leucine
(LEU)
Lysine
(LYS)
Total amino
acids
Boeckella
Size Large 3.86+1.36 8.45+2.88 11.38+3.96 3.41+1.08 7.77+2.52 5.89+1.87 7.12+2.28 12.48+3.89 15.75+5.32 154.40+50.98
Medium 3.00+1.42 9.18+4.33 14.03+7.24 3.99+2.05 11.32+5.00 7.81+3.75 10.83+5.05 15.91+7.40 17.76+7.39 176.57+80.15
Small 6.40+1.81 12.67+3.51 20.23+5.46 5.30+1.53 13.26+3.79 10.13+2.92 12.29+3.48 19.63+5.58 24.88+7.33 246.10+68.00
Season Spring 4.28+2.02 8.41+3.61 12.31+6.17 3.57+1.67 9.66+4.03 7.08+3.10 8.84+3.77 14.34+6.05 19.12+7.90 172.61+73.02
Summer 4.62+1.03 11.44+2.71 17.73+4.24 4.80+1.20 12.06+3.02 8.87+2.27 11.42+2.99 17.72+4.40 20.41+4.66 211.80+49.57
Age 2-4 wks 3.93+2.24 8.79+5.24 12.57+7.28 3.53+1.99 8.01+4.68 6.41+3.72 7.29+4.24 12.82+7.43 16.62+9.74 159.37+90.05
4-6 wks 4.70+1.21 10.93+2.71 17.13+4.42 4.65+1.23 12.29+3.01 8.97+2.29 11.56+2.93 17.77+4.45 21.32+5.08 211.34+51.19
6-8 wks 3.78+2.45 8.10+4.69 10.19+6.17 3.29+1.72 7.53+4.02 5.37+2.58 6.96+3.64 12.14+5.95 14.87+8.57 149.43+86.23
All 4.49+0.95 10.31+2.13 15.69+3.46 4.34+0.96 11.16+2.35 8.20+1.79 10.45+2.29 16.45+3.46 19.93+4.00 197.10+40.15
Daphnia
Size Large 3.27+0.85 7.03+1.98 7.95+2.36 2.64+0.68 6.50+1.85 6.58+1.76 5.26+1.46 8.88+2.50 14.25+3.76 115.30+31.84
Medium 2.88+0.95 8.81+2.20 11.96+3.11 2.82+0.73 8.70+2.17 6.73+1.85 7.13+1.81 11.31+2.88 14.96+3.58 139.10+34.32
Small 4.72+1.10 11.38+2.32 10.27+2.36 4.07+0.81 10.37+2.22 9.65+1.97 9.10+1.77 14.50+2.78 20.62+4.63 172.51+33.38
Season* Spring 1.43+0.73 4.91+1.74a 6.87+2.64 1.73+0.56a 4.69+1.55a 3.40+1.24a 3.84+1.25 6.11+2.02a 8.68+3.21a 81.11+28.74a
Summer 4.58+0.58 10.97+1.41b 11.77+1.81 3.81+0.49b 10.32+1.40b 9.57+1.13b 8.69+1.14 14.06+1.81b 20.17+2.41b 170.51+21.04b
Age 2-4 wks 4.29+2.72 9.98+6.29 12.69+7.86 3.67+2.33 9.59+6.08 8.72+5.47 7.67+4.77 13.22+8.23 18.34+11.38 163.87+103.22
4-6 wks 3.82+0.65 9.52+1.44 10.06+1.72 3.28+0.49 8.95+1.41 8.10+1.25 7.57+1.17 12.10+1.85 17.46+2.53 147.21+21.27
6-8 wks 2.08+1.17 6.32+3.01 9.16+4.48 2.23+0.96 5.97+2.67 4.71+2.00 4.89+2.13 7.92+3.42 11.14+5.60 104.78+49.51
All 3.53+0.56 8.95+1.25 10.14+1.55 3.12+0.43 8.45+1.20 7.51+1.06 7.07+0.99 11.41+1.59 16.34+2.24 140.71+19.06
* Values with the same letter (superscript) are not significantly different from each other for category (Tukey’s multiple range test)
169
Table 9.5 Continued.
Species/
Variable
Group Histidine
(HIS)
Threonine
(THR)
Arginine
(ARG)
Methionine
(MET)
Valine
(VAL)
Phenylalanine
(PHE)
Isoleucine
(ISO)
Leucine
(LEU)
Lysine
(LYS)
Total amino
acids
Moina
Size Large 3.56+1.68 6.90+3.34 11.10+5.38 2.22+1.16 7.68+3.79 5.90+2.94 6.44+3.14 10.03+5.00 11.31+5.81 125.37+61.03
Medium 4.28+2.89 4.23+2.18 10.26+6.47 1.31+1.00 9.05+6.25 6.59+4.30 7.37+5.13 11.09+7.38 14.30+9.68 121.55+75.95
Small 4.08+2.40 7.85+3.89 11.80+7.16 2.04+1.25 11.74+4.78 8.67+3.43 9.89+4.04 15.31+6.03 19.36+7.59 161.17+69.06
Season Spring 4.30+1.43 7.06+2.21 12.10+4.02 2.12+0.74 10.78+2.97 7.89+2.17 9.03+2.47 13.69+3.76 16.74+4.78 151.19+42.56
Summer 2.33+0.52 4.08+0.54 6.73+1.34 0.94+0.34 3.92+0.54 3.54+0.60 3.10+0.57 5.70+1.20 7.43+1.77 75.05+11.10
Age 0-2 wks 4.30+1.43 7.06+2.21 12.10+4.02 2.12+0.74 10.78+2.97 7.89+2.17 9.03+2.47 13.69+3.76 16.74+4.78 151.19+42.56
2-4 wks 1.82 3.54 5.39 0.60 3.38 2.93 2.52 4.50 5.65 63.95
4-6 wks 2.85 4.62 8.07 1.28 4.46 4.14 3.67 6.90 9.20 86.15
All 3.95+1.18 6.52+1.83 11.12+3.33 1.91+0.62 9.53+2.55 7.10+1.84 7.95+2.13 12.24+3.20 15.05+4.03 137.35+35.69
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Table 9.6 Proximate composition (mean % dry weight + s.e.) and energy content (mean
+s.e.) of selected aquatic animals from ponds at Snobs Creek.
Species Category Moisture
(%)*
Ash
(%)*
Lipids
(%)*
Protein
(%)*
Energy
(kj/g)*
Boeckella
Size Large 87.3+1.7 3.5+0.4 41.6+1.8 50.4+5.9 5.72+0.11
Medium 86.8+1.5 4.6+0.2 55.7+1.8 73.9+3.4 5.61+0.15
Small 88.0+0.3 4.5+0.6 49.3+4.7 75.2+10.4 5.38+0.12
Season Spring 88.5+0.8 3.7+0.3 53.3+3.1a 68.5+9.3 5.40+0.11
Summer 86.6+0.9 4.4+0.4 46.0+2.9b 46.0+2.9 5.58+0.11
Age of bloom 0-2 wks (1)
(weeks after filling) 2-4 wks (2) 86.6+2.2 3.8+0.5 41.7+3.4 54.8+7.8 5.70+0.18
4-6 wks (3) 87.3+0.6 4.6+0.3 52.2+2.8 72.5+4.7 5.43+0.09
6-8 wks (4) 89.5 2.9+0.1 41.5+1.7 41.6+6.6 5.75+0.15
Daphnia
Size Large 90.6+1.1 14.5+0.3b 42.1+1.4 41.9+3.1 5.09+0.17a
Medium 92.2+0.2 21.2+2.0a 42.7+1.9 39.5+2.8 4.32+0.14b
Small 92.1+0.5 21.9+3.7a 43.5+4.0 48.1+6.0 4.23+0.16b
Season Spring 90.8+0.9 23.8+4.1a 35.6+2.7b 34.2+1.9b 4.41+0.23
Summer 92.2+0.3 16.8+0.7b 45.9+1.0a 49.1+3.5a 4.56+0.13
Age of bloom 0-2 wks (1)
(weeks after filling) 2-4 wks (2) 89.6+1.6 20.2+6.5 33.0+5.7 42.0+3.6 5.00+0.54
4-6 wks (3) 92.2+0.2 18.5+1.3 45.1+1.2 45.2+3.1 4.36+0.11
6-8 wks (4) 92.0+0.2 18.7+0.4 40.3+2.2 34.7+2.5 4.52+0.16
Moina
Size Large 88.1+1.1 6.0+0.2 54.9+2.5 66.7+2.8a 5.80+0.12
Medium 90.9+0.8 5.8+2.1 56.9+5.4 30.9+0.5b 6.79+1.68
Small 90.9+1.4 7.5+1.0 56.4+3.8 60.8+4.9a 5.75+0.11
Season Spring 90.5+0.8 7.4+0.6a 59.5+1.9a 66.4+2.3 5.72+0.12
Summer 88.7+1.7 5.0+0.5b 44.8+2.6b 48.4+7.4 6.48+0.92
Age of bloom 0-2 wks (1) 89.3+0.9 7.0+0.6 57.4+2.1 65.6+2.0a 5.70+0.10
(weeks after filling) 2-4 wks (2) 91.7 3.7 43.2 30.9+0.5b 7.67+2.47
4-6 wks (3) 91.6 5.7 48.9+6.1 51.7+17.1ab 5.82
6-8 wks (4)
* Values with the same letter (superscript) are not significantly different from each other for
category (Tukey’s multiple range test)
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Energy content of planktonic prey taxa (cladocerans and copepods) and chironomids in fry
rearing ponds at Snobs Creek ranged from 0 to 169 j/L (mean 8.9 j/L + 0.4 j/L s.e.) and 0 to
99 j/m2 (mean 14 j/m2 + 2 j/m2 s.e.), respectively.  Energy content of planktonic prey taxa
increased to a mean maximum of 11.9 + 0.8 j/L in the 4th week following filling, then
declined slightly in following weeks (Fig. 9.1a).  Changes in the energy content of
planktonic prey in the ponds over time closely reflected changes in abundance of these taxa,
though the maximum planktonic prey abundance occurred during the 2nd week, two weeks
earlier than the peak in energy content (Fig. 9.1a).  Energy content of chironomids in the
ponds, which was highly variable, increased to a mean maximum of 27.6 + 10.9 j/m2 in the
5th week following filling then declined rapidly thereafter (Fig. 9.1b).  Some differences
were observed between the abundance of chironomids over time and energy content of
chironomids in the ponds.  In particular, the peaks in abundance during the 3rd and 6th
weeks were not reflected in energy content.
9.3.2 Fish
In general, there were no significant differences in the proximate composition analyses of
parameters between the three species of fish tested (Table 9.7).  However, significant
differences were observed in some parameters for different sizes of fish within each species
(Table 9.8).  Due to the small sample sizes of smaller, analysis of EAA content was not
undertaken on fish smaller than 25 mm for trout cod and Murray cod and 30 mm for
Macquarie perch (Table 9.9).
In general, the moisture content of fish, which ranged from 78.7 to 87.1%, decreased with
increasing size, but this trend was not significant (Table 9.8).  The Ash content of fish
increased with increasing fish size for all species, but was significantly so for Murray cod
(F2,4 = 60.13, P = 0.001) and trout cod (F2,4 = 851.3, P = 0.0001) only (Table 9.8).
Significant changes were observed in total crude lipid content for Murray cod (F2,4 = 14.89,
P = 0.014) and Macquarie perch (F3,9 = 5.27, P = 0.0226) but not for trout cod (Table 9.8).  A
significant difference was observed in protein for Macquarie perch (F5,12 = 6.26, P = 0.0044)
(Table 9.8), which declined as fish grew larger, but not for other species.  No other
significant trends were observed for other parameters.  A summary of non-essential amino
acids measured in fish is presented in Appendix IV.
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Fig. 9.1 Abundance and energy content of (a) planktonic prey (cladocerans and copepods)
and (b) chironomids in fry rearing ponds at Snobs Creek.  (values = weekly mean
+ s.e.) (solid line = density, dashed line = energy).
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Table 9.7 Mean (+ s.e.) proximate composition and energy of three species of juvenile
fish reared in earthen ponds at Snobs Creek.
Species Moisture
(%)
Ash
(%)
Lipids
(%)
Protein
(%)
Energy
(kj/g)
Murray cod 81.4+0.4 12.7+0.4 36.5+1.5 14.6+1.2 4.99+0.19
Trout cod 81.1+0.6 13.6+0.7 39.2+2.7 16.0+1.2 4.98+0.14
Macquarie perch 83.4+1.5 13.7+0.5 42.2+2.1 15.7+1.5 5.41+0.07
Table 9.8 Proximate composition (mean % dry weight + s.e.) and energy content (mean
+s.e.) of fish of different size groups which were reared in ponds at Snobs
Creek.
Species Moisture Ash Lipids Protein Energy
Size group
(range in mm)
Weight
(mean + s.e.)
(%) (%)* (%)* (%)* (kj/g)
Murray cod
<20 0.05+0.004 81.6 10.1 39.8 17.2+2.4
20-24.9 0.11+0.005 82.8 11.7 37.2 15.8+2.4 4.12
25-29.9 0.26+0.006 81.0 12.6+0.1a 42.4+1.9a 14.7+2.1 4.76
30-34.9 0.44+0.01 81.2 13.4+0.1b 34.6+1.6b 16.8+1.7 5.23+0.02
>35 0.71+0.03 80.4 13.4+0.1b 32.5+0.8b 8.7+1.9 5.30+0.02
Trout cod
<20 0.05+0.004 83.1 10.0 55.8 19.4+2.1
20-24.9 0.13+0.005 81.5 13.5 25.0 16.3+2.8
25-29.9 0.24+0.01 81.3 13.5+0.1a 40.9+0.6 18.3+3.3 4.50
30-34.9 0.37+0.01 80.4 12.2+0.1b 39.2+3.3 13.7+1.1 5.13+0.18
>35 0.59+0.02 79.4 15.8+0.1c 37.3+0.5 12.3+2.4 5.08+0.07
Macquarie perch
<15 0.02+0.001 87.1+1.3 9.7+0.2 56.5+6.8 16.0+1.8ab
15-19.9 0.08+0.004 83.14 13.2 39.6 19.2+1.1ab
20-24.9 0.15+0.006 81.1 13.6+0.7 34.2+0.7a 27.1+5.7a
25-29.9 0.29+0.01 86.1+5.7 14.9+0.1 37.9+1.9ab 17.4+2.1ab 5.65
30-34.9 0.46+0.01 78.7+0.3 14.5+0.2 41.9+0.8b 10.0+1.5b 5.43+0.07
>35 0.69+0.03 79.1 15.3+0.4 38.0+2.4ab 8.7+2.6b 5.24+0.08
* Values with the same letter (superscript) are not significantly different from
each other for fish size (Tukey’s multiple range test)
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Table 9.9 Essential and total amino acid (mg amino acid/g sample) composition of fish reared in ponds at Snobs Creek (Mean +s.e.).
Species Size
(mm)
Histidine
(HIS)
Threonine
(THR)
Arginine
(ARG)
Methionine
(MET)
Valine
(VAL)
Phenylalanine
(PHE)
Isoleucine
(ISO)
Leucine
(LEU)
Lysine
(LYS)
Total amino
acids
Murray cod
25-29.9 3.38+1.17 4.74+1.53 6.85+2.41 2.32+0.62 3.97+1.11 4.11+1.01 3.66+1.00 7.10+1.72 9.33+2.78 88.80+27.48
30-34.9 3.93+0.42 5.55+0.69 7.85+0.45 2.75+0.49 4.68+0.81 5.17+1.10 4.41+0.88 8.88+1.88 10.83+0.54 103.61+12.47
>35 7.18+4.62 10.00+6.38 14.91+9.53 4.66+2.91 8.55+5.47 8.73+5.64 7.84+4.98 15.03+9.74 20.97+13.94 191.72+122.80
ALL 4.83+1.45 6.76+1.99 9.87+3.00 3.24+0.90 5.73+1.71 6.00+1.75 5.30+1.56 10.34+3.01 13.71+4.34 128.04+38.46
trout cod
25-29.9 5.45+4.31 7.90+6.25 11.04+8.55 2.81+2.00 6.89+5.47 5.85+4.37 6.21+4.93 11.61+9.08 15.64+12.02 147.13+115.53
30-34.9 6.57+2.99 9.08+3.97 14.24+6.46 4.03+1.81 7.52+3.36 7.98+3.55 6.73+2.86 13.01+5.40 19.57+8.55 172.37+73.76
>35 4.10+0.07 6.08+0.32 9.10+0.28 2.52+0.55 5.13+0.16 5.36+0.06 4.78+0.12 9.15+0.24 12.48+0.82 116.57+3.51
ALL 5.37+1.43 7.69+1.99 11.46+2.93 3.12+0.77 6.51+1.72 6.40+1.54 5.91+1.52 11.26+2.82 15.90+4.03 145.35+36.84
Macquarie perch
30-34.9 6.05+1.33 10.77+2.83 15.36+4.02 5.09+1.13 9.14+2.21 9.74+2.08 8.53+1.99 16.32+3.50 20.92+5.10 196.74+48.39
>35 6.11+4.23 9.49+6.14 14.51+9.40 4.24+2.75 8.61+5.73 8.81+5.74 7.45+4.86 14.75+9.76 21.04+13.82 183.01+117.84
ALL 6.07+1.38 10.34+2.41 15.08+3.52 4.81+1.02 8.96+2.04 9.43+1.99 8.17+1.79 15.80+3.37 20.96+4.81 192.16+43.25
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9.4 DISCUSSION
9.4.1 Prey
In the present study, the amount of material obtained for analyses was very limited.  The
combined proportions of protein, lipids and ash, for some samples varied noticeably from
100%. These discrepancies may have been due to the small sizes of samples analysed
combined with limited replication (in most cases two replicates only).  The amount of
material required to undertake proximate composition analyses (minimum of 10.2 g dry
weight to complete duplicate analyses of each of total crude lipids, protein, energy, ash and
amino acid composition) needed a considerable amount of fresh wet biomass to be collected
from the ponds.  To a degree, this was alleviated by collection of samples only when the
target species numerically dominated the zooplankton.  Use of sieving and flotation methods
further facilitated the purification of these samples.  However, both methods may have
altered the proximate composition of some species.  These methods may have caused
damage to delicate species and loss of either appendages or eggs (eg detachment of egg
sacks from female Boeckella).  In the latter method, bubbles of air were trapped beneath the
carapace of cladocerans causing them to float, which may have allowed some cladocerans to
lose either eggs or neonates carried beneath the carapace.
The proximate composition of aquatic invertebrate species analysed in the present study
generally fell within ranges reported for these taxa (see Appendix III), with the exception of
lower energy content for all species, higher crude lipid content for Boeckella and Daphnia,
and lower protein content for chironomid larvae.  However, the proximate composition of
aquatic invertebrates reported in the literature (see Appendix III) are highly variable, making
comparisons to the present study extremely difficult.
Significant differences in proximate composition between species have been observed
(Ashevskii 1974; Vijverberg and Frank 1976; Yurkowski and Tabachek 1979; Dabrowski
and Rusiecki 1983; Watanabe et al. 1983).  Differences in amino acid content have been
reported between different groups of zooplankton (Dabrowski and Rusiecki 1983).
Variations may also have been due to differences in the analysis methods used, and the
prevailing environmental/ecological conditions at the time of sampling as well as diet.
Ashevskii (1974) stated that the chemical composition of crustaceans (cladocerans and
copepods) in ponds was subject to considerable variation depending on the ecological and
trophic conditions of the ponds.  Positive correlations have been found between the protein
content of cladocerans and the protein content of food (Guisande et al. 1991).  Desvilettes et
al. (1994) suggested that differences between the fatty acids of cyclopoids and cladocerans
reflected a difference in the diet of the respective groups.  The EAA content of larval
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chironomid larvae reared in oil mill effluent were significantly higher than in larvae grown
on an algal culture (Habib et al. 1997).  In the present, the moisture content of Boeckella,
Moina and Daphnia generally declined with increasing body size, a trend which has been
observed for other zooplankton species (Dabrowski and Rusiecki 1983).
The significantly greater calorific values observed in larger Daphnia in the present study
may have been due to reproductive stage.  Approximately 42% of large Daphnia carried
eggs/neonates whereas the proportion of medium and small Daphnia carrying eggs/neonates
was less than 5% or zero.  In the case of Daphnia minutus, a decrease in the calorific value
accompanied egg production (Schindler et al. 1971), whereas, Wissing and Hasler (1968) did
not find a significant difference in calorific values between samples of mixed daphnids and
females carrying eggs.  During the Schindler et al. (1971) found that the calorific value of
copepods was relatively constant during warmer months but increased during winter months.
Similarly, no significant variations between spring and summer were observed in the
calorific values of species analysed in the present study.
Dabrowski and Rusiecki (1983) found that the free arganine content of daphnids increased
with increase size of animal.  However, in the present study, no significant trends were
observed in the EAA content of different sized animals.
Significant season variations were observed in the total crude lipid content of Boeckella,
Daphnia and Moina during the present study.  These changes may reflect the nutritional
value of food and prey.  Seasonal changes observed in the total lipid content of Daphnia
pulex and Leptodiaptomus sicilis, in an oligotrophic saline lake, more or less reflected
patterns in chlorophyll a and edible phytoplankton biomass (Arts et al. 1993).  Changes in
total lipid content of invertebrates may also be related to reproductive stage.  In the present
study, a higher proportion of Daphnia carried eggs/neonates in summer (22%) than in spring
(9%).
Some variations were observed in changes in energy content of planktonic prey taxa and
chironomids on a pond scale, which more or less reflected changes in their abundance in the
ponds.  However, the variations observed may have been due to changes in the species
composition and reproductive stage of the plankton community (see Chapter 5) and the size/
instar and species composition of the chironomid community (see Chapter 6).
9.4.2 Fish
The general lack of significant differences in the proximate composition of fish in the present
study suggests that, for the size range examined, their nutritional requirements were similar.
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However, since both endogenous factors (size, sex and life cycle stage) and exogenous
factors (diet and environmental factors) affect the proximate composition of fish (Shearer
(1994), variations are expected to occur at some stage during their life.
During the present study, the moisture content of juvenile Murray cod, trout cod and
Macquarie perch (0.02-0.7 g weight) declined with increasing size, whereas ash content
increased with increasing size.  In contrast, the moisture content of the larvae of both Murray
cod, trout cod and Macquarie perch increased during yolk sac absorption (De Silva et al.
1998; Gunasekera et al. 1999b).
The protein content of juvenile fish in the present study, which ranged from 9-19% dry
weight, generally declined with increasing fish size.  The protein content of the larvae of
both Murray cod, trout cod and Macquarie perch decreased during yolk sac absorption
(Gunasekera et al. 1999b).  The protein requirements of fish have been measured for many
species (Cowey 1995).  Carnivorous species, such as the percichthyids in the present study,
generally have a higher dietary protein requirement than omnivorous or herbivorous species
(Wilson 1991).  Although the protein requirements for the fingerlings of these species have
not been determined, an investigation of the protein requirements of larger Murray cod
(initial fish weight 21 g) indicated that diets containing 50% dietary protein (at lipid level of
10%) were optimal for growth (Gunasekera et al. 2000).  With the exception of chironomid
larvae, which had a protein content of 12%, all other food items in the present study
generally had a protein content greater than 40%.
In both Murray cod and Macquarie perch significant changes in total crude lipid content
were observed for fish size.  The period of growth following commencement of exogenous
feeding is typified by considerable changes in the proximate composition (Shearer 1994).
Not surprisingly, changes in the fatty acid composition have been observed in the larvae of
Murray cod, trout cod and Macquarie perch during the period from hatch to absorption of the
yolk-sac (De Silva et al. 1998; Gunasekera et al. 1999b).  Desvilettes et al. (1994) attributed
variations in the total lipid content of pike larvae (Esox lucius) in the weeks following start
of exogenous feeding to changes in the diet composition of their prey.  Further, Desvilettes et
al. (1994) suggested that in the first weeks after commencement of exogenous feeding the
digestive tract of pike larvae was not fully developed, which may have limited the digestion
of some prey items.  Changes in the diet composition during grow-out in the fry ponds (see
Chapter 8) may have accounted for the variations in total crude lipid content of juvenile
Murray cod and Macquarie perch during the present study.
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Little information is available on the amino acid content of percichthyids.  Studies are
limited to an investigation of the amino acid content of the larvae Murray cod, trout cod and
Macquarie perch prior to exogenous feeding (De Silva et al. 1998; Gunasekera et al. 1999a),
and an investigation of amino acids in the plasma of juvenile Murray cod (Anderson and
Gooley 1992).  It has been argued that the a high content of free arginine and other amino
acids in natural food is important to the nutrition of fish during early development
(Dabrowski and Glogowski 1977), and Dabrowski and Rusiecki (1983) suggested that
arginine may be, in part, used for protein synthesis by fish larvae.  The proteolytic autolysis
of food organisms in fish larvae in which the gastrointestinal tract and the proteolytic
enzyme system are not fully developed, may contribute to the availability of food proteins
(Dabrowski and Glogowski 1977).  Thus, food sources with high level of free amino acids,
which can be absorbed by the developing gut of fish larvae, may facilitate survival and
growth.
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10 INTERACTIONS
10.1 INTRODUCTION
Communities within fry rearing ponds are both complex and dynamic and incorporate a
series of interconnected trophic levels (Fig. 10.1 and see Fig. 1 in Appendix I).  The bottom-
up:top-down trophic model for freshwater pelagic ecosystems (McQueen et al. 1986)
proposes influences of both resource availability (bottom-up) and predators (top-down) on
the community.  Energy fixed by autotrophic organisms is competed for and consumed by
heterotrophs, whose production is limited by availability of autotrophic organism and the
energy they contain (Bottom-up).  Conversely, predators regulate lower trophic levels, a
process also known as the trophic cascade hypothesis (Carpenter et al. 1985).  Top-down
forces are expected to be strongest at the top, but weaken towards the bottom.  The fish (and
certain aquatic insects) are the predators in fry rearing ponds and as such have the ability to
influence lower trophic levels.  Size-selective predation by planktivores may alter the
zooplankton community structure by reducing the abundance of large-sized species, which
allows smaller-sized species to become more abundant (Brooks and Dodson 1965; Lynch
1979; Post and McQueen 1987).  This, in turn, may alter the grazing pressure by
zooplankton on phytoplankton (Langeland and Reinertsen 1982).  Furthermore, wastes
excreted by the fish may directly influence the phytoplankton community (Andersson et al.
1978).  Conversely processes at lower trophic levels may influence the fish community.  For
example, Culver (1988) indicated that fish growth was high until the cladoceran abundance
declined below 100 ind./L.  The density of Moina at the time of stocking may influence the
growth and survival of Murray cod, trout cod and Macquarie perch as dietary studies
indicated that Moina was a major component of diet of Murray cod, trout cod and Macquarie
perch in the first weeks following stocking (see Chapter 8).
The major thrust of investigating interactions between various components of the pond
community ecosystem is to identify factors that have an effect on fish production as
indicated by growth, survival, condition and yield.  The present study has already shown that
stocking density and size at stocking affect fish growth (see Chapter 7), and has discussed
water chemistry parameters that may influence fish production in fry rearing ponds (see
Chapter 4).  Several methods have been used to investigate the interactions and relationships
between different components of aquaculture pond ecosystems.  Chakrabarti and Jana (1992)
used shannon indices of plankton to develop management strategies for common carp
culture.  Complex and sophisticated models have been developed for other aquaculture
systems, and components within them (Piedrahita et al. 1984; Bernard 1986; Piedrahita
1988; van Dam 1990).
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The aims of the present study were to identify interactions between various water chemistry
and biota parameters (plankton and chironomids) measured in the ponds at Snobs Creek, and
identify interactions between these parameters and the growth, survival, condition and yield
of fish reared in the ponds.
10.2 MATERIALS AND METHODS
In order to undertake an investigation of the interactions between fish, water chemistry,
plankton and chironomids, a data matrix was constructed in which each pond filling was
represented by a single row and each column represented the parameters to be analysed.  The
present study has shown that plankton communities and water chemistry are dynamic and
change, sometimes quite profoundly, during the time a pond is filled with water and stocked
with fish (see Chapters 4 and 5).  However, these parameters need to be summarised in such
a way as to be indicative of the abundances or concentrations recorded within the pond.
Parameters that were measured more than once during each pond filling, such as weekly
measurements of various water chemistry parameters and plankton abundance, were
quantified and summarised three ways and incorporated into the data matrix (Fig. 10.2).
These summarised forms were:
Mean (M)
The arithmetic mean concentration or density of measurements for a given parameter
recorded during each pond filling.
Days (D)
The combined number of days, or part days, a given parameter was above or below a
predetermined critical level (CL) (Fig. 10.2).  The CL was defined as the value of a given
parameter below or above which acceptable conditions occur for fish growth and survival.
For example, the critical level for dissolved oxygen was set at 3.0 mg/l, below which fish are
stressed, growth is reduced and mortalities may occur.  For some parameters, both an upper
and lower CL were specified, in particular pH (> 6.5 and < 9.0) and water temperature (>18
and < 28oC).  In the absence of a predetermined CL for a given parameter, the 90th
percentile for all the measurements of that parameter over the course of the study was used
as the CL.  The one exception was chlorophyll a for which the 50th percentile was used
because data was highly skewed.
181
Consumers
Zooplankton
Macoinvertebrates
FISH
(Stocking density,
Species, size at
stocking, etc.)
FISH
PRODUCTION
(growth, survival
yield)
POND EFFECTS
(shape & depth, time of season
filled, pond preparation,
supplementary aeration, pond
flushing, etc)
Primary producers
 Phytoplankton
WATER CHEMISTRY
Temperature
Dissolved oxygen
pH
Alkalinity
Nitrogen
(NH3 N02 NO3)
Phosphorus
LIGHT
NUTRIENTS
(fertilisers)
BIOTA
(Abundance, species composition,
nutritional value)
Decomposers
 bacteria etc
Fig. 10.1 Model of a fry rearing pond ecosystem (arrows indicate flow of energy).
Fig. 10.2 Schematic representation of the values critical level (CL), area (A) and days
(D) used to summarise and quantify various parameters in each pond filling.
Critical level (CL)
Parameter
Area above critical level
Area below critical level
Time
B CA
A + B + C = Days above critical level
i + ii = Days below critical level
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Area (A)
The sum of the area between the curve derived from measurements for a given parameter
and the CL (Fig. 10.2).  This area may be above, below or between the CL(s).  Area was not
calculated for water chemistry data.
A summary of each parameter incorporated into the data matrix, and associated CL(s) is
presented in Table 10.1.
10.2.1 Fish
Four fish production indicators were incorporated into the data matrix for each species of
fish.  These were survival (%), specific growth rate (SGR) (%/day), condition factor and
yield (kg/ha) (see Chapter 2 for detailed descriptions).  Previously (see Chapter 7), both fish
size at stocking and stocking density (number and biomass) were significantly correlated
with fish growth.  These parameters were included in the matrix for correlation against other
parameters.
10.2.2 Water chemistry
Development of phytoplankton blooms in ponds depends on the presence of essential
inorganic nutrients especially Nitrogen and Phosphorus (Boyd 1990).  The primary source of
these nutrients is the fertilisers applied to the ponds.  This study has shown that
phytoplankton and zooplankton respond positively to the application of fertilisers (see
Chapter 5).  The amount of fertiliser (kg/ha/day) added to each pond filling was incorporated
into the data set and correlated against plankton and chironomid parameters.
In the absence of information on the optimal water chemistry for rearing Murray cod, trout
cod and Macquarie perch, predetermined CLs were not specified for most water chemistry
parameters, but instead the 90th percentile was used as the CL.  Upper and lower CLs were
specified for water temperature.  The lower CL was set at 18oC and the upper CL was set at
28oC.  Similarly, upper and lower CLs were specified for pH.  High levels of pH are toxic to
fish (Bergerhouse 1992, 1993), and increase the proportion of toxic unionised ammonia
(Emerson et al. 1975; Bergerhouse 1993).  Low levels of pH also impact on fish.  Upper
and lower CLs for pH were 9.0 and 6.5 respectively.  The CL for total alkalinity was 20
mg/L.  Total alkalinity concentrations of 20 mg/L or greater are required for development of
phytoplankton blooms in ponds (Boyd 1990).  Mortalities of fish may occur at low
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Table 10.1 Summary of parameters incorporated into data matrix and associated Critical
Levels (CL).
Parameter Critical level* Concentration/abundance indicators
(range (mean))
Days Area Mean
Water chemistry
MAP fertiliser (kg/ha/day) NA --- 0.5 – 4.3 (1.9)
Ammonium sulphate fertiliser
(kg/ha/day)
NA --- 0.5 – 4.3 (2.0)
Water temperature >18oC & <28oC 7 - 99 (38) --- 17.3 – 25.0 (21.5)
Dissolved oxygen >3.0mg/L 9 – 105 (45) --- 4.7 – 14.0 (7.6)
pH >6.5 and <9 3 – 99 (35) --- 6.6 – 9.9 (7.8)
Total alkalinity >20mg/L 0 – 98 (41) --- 7.5 – 82.8 (47.1)
TAN <0.78mg/L* 7 – 90 (41) --- 0.02 – 1.09 (0.39)
TIN <1.20mg/L* 11 – 55 (39) --- 0.09 – 1.56 (0.59)
UIA <0.03 4 – 90 (40) --- 0.001 – 0.17 (0.018)
Orthophosphate <1.70* 7 – 90 (43) --- 0.09 – 2.89 (0.63)
Biota
Chlorophyll a >58.71 ug/L** 0 – 23 (2.6) 0 – 627 (54) 7.3 – 66.6 (27.8)
Total rotifers >985 ind./L* 0 – 21 (3) 0 – 27,231 (2,363) 6 – 2,703 (328)
Moina >324 ind./L* 0 – 22 (3) 0 – 8,904 (511) 6 – 674 (126)
Moina density at stocking NA 25 – 755 (228)
Daphnia >94 ind./L* 0 – 26 (3) 0 – 3,064 (177) 0 – 213 (29)
Cladocerans (all species) >418 ind./L* 0 – 14 (2) 0 – 6,755 (333) 32 – 693 (166)
Nauplii >400 ind./L* 0 – 32 (4) 0 – 8,766 (690) 32 – 642 (169)
Calanoids >132 ind./L* 0 – 35 (5) 0 – 4,370 (255) 0 – 257 (56)
Cyclopoids >134 ind./L* 0 – 17 (2) 0 – 4,036 (166) 0 – 454 (35)
Copepods
(adult calanoids & cyclopoids)
>210 ind./L* 0 – 31 (2) 0 – 4,175 (196) 14 – 719 (98)
Zooplankton (all species) >1,355 ind./L* 0 – 19 (3) 0 – 18,806 (2,025) 198 – 2,287 (711)
Food taxa
(cladocerans & adult copepods)
>579 ind./L* 0 – 18 (3) 0 – 6,443 (552) 69 – 800 (258)
Food energy
(cladocerans & adult copepods)
7.02 j/L 0 – 60 (22) 0 – 839 (145) 2.2 – 35.3 (8.8)
Chironomids >9,380 ind./m2* 0 – 18 (4) 0 – 101,718 (16,649) 963 – 12,194 (4,373)
Fish
Species NA
Size at Stocking (mm) NA 7.6 – 56.0 (16.6)
Stocking density (fish/m2) NA 1.6 – 57.8 (16.0)
Biomass at stocking (g/m2) NA 0.07 – 19.0 (1.09)
Survival (%) NA 0.2 – 99.8 (74.1)
SGR (%/day) NA 0.6 – 13.4 (7.7)
Condition NA 0.07 – 0.18 (0.12)
Yield (kg/ha) NA 0.7 – 342 (108)
*  90th percentile.  **  50th percentile.  NA = Not applicable.
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dissolved oxygen (DO) concentrations.  Murray cod larvae have survived in fry ponds in
which dissolved oxygen concentrations remained at 3.0 mg/L, but complete mortality
occurred when DO fell below 1.5 mg/L (Rowland 1986a).  Consequently, the CL for DO
was set at 3.0 mg/L.  The CL for unionised ammonia (UIA) was set at 0.03 mg/L as high
concentration (ie. > 0.01-0.03 mg/L) are considered to reduce growth and survival of fish in
aquaculture (Meade 1985).  The 90th percentile was used to determine CLs for total
ammonia (as nitrogen) (TAN), total inorganic nitrogen (TIN) and orthophosphate (Table
10.1).
10.2.3 Biota
The CL for chlorophyll a was 50th percentile.  The zooplankton data were divided into
several species and taxa groups (Table 10.1), and CL for these parameters was the 90th
percentile.  Several additional zooplankton parameters were included in the matrix.  Moina
was a major part of the diet of Murray cod, trout cod and Macquarie perch in the weeks
immediately following stocking (see Chapter 8).  Accordingly, the abundance of Moina
within the 48 hours prior to stocking was included as a parameter.  Dietary studies showed
that of the zooplankton, cladocerans (Moina and Daphnia) and adult copepods (calanoids
and cyclopoids) were important prey taxa for Murray cod, trout cod and Macquarie perch
(see Chapter 8).  The abundance data for these taxa were pooled as a parameter titled “Food
taxa”.  In addition, the total energy for food taxa, titled “food energy”, was also analysed
(see Chapter 9 for determination of energy content of taxa).  Food energy (as j/L) was
calculated by multiplying the energy content (as kj/g dry wt) of each food taxon by the total
dry weight (as µg/L) for each food taxon, and combining for all food taxa (see Chapter 9 and
Appendix II for energy content values and dry weight values, respectively).
10.2.4 Analysis of data matrix
Significant relationships between fish growth and survival, and various other parameters
(water chemistry, plankton and chironomids) were identified using Pearson correlation
analysis (SAS Institute).  These correlations were used to indicate the kind (positive or
negative) and magnitude of associations between each pair of analysed parameters.
Correlations with a significance of less than 0.1 were displayed graphically using arrows to
indicate direction of relationship (Ï for positive and Ð for negative).
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10.3 RESULTS
10.3.1 Fish
A summary of RHo values and level of significance for each correlation analysis undertaken
between fish production indicators and other parameters are presented in Appendix V.
Significant correlations were detected between fish production indicators and several water
chemistry and biota parameters (Table 10.2).  However, these were not consistent across all
three species of fish.  Negative correlations were observed between fish survival and
temperature (mean and days between CLs), mean TAN concentration and number of days
UIA was under the CL.  The number of days pH readings were between 6.5 and 9.0 was
positively correlated with the survival of Macquarie perch, but was negatively correlated
with the survival of trout cod (Table 10.2).  The number of days that zooplankton density
was over the CL was negatively correlated with Macquarie perch survival.  The survival of
Murray cod increased with the number of days that TAN was under the CL.
Growth (SGR) of Murray cod increased with increasing mean copepod density (Table 10.2).
In contrast, the SGR for trout cod was negatively correlated with a number of parameters
including temperature (days between CL), days above 3.0 mg/L DO, days under TAN CL,
days under 0.03 mg/L UIA, area over calanoid CL, and both days and area over food energy
CL (Table 10.2).  The condition of trout cod increased with the mean cyclopoid density.  The
condition of Murray cod decreased with the number of days food energy was above the CL.
Yield of both Murray cod and Macquarie perch was positively correlated with several
parameters, in particular the days between pH CLs (Fig. 10.3) and the number of days TAN
was under the CL (Fig. 10.4).  Yield was also positively correlated with days under 0.03
mg/L UIA (Murray cod), as well as a number of zooplankton parameters in particular,
calanoid density, area over CL and days over CL (Table 10.2).  Yield of trout cod was
positively correlated with chironomid abundance parameters, but trout cod SGR was
negatively correlated with chironomid abundance parameters.
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Table 10.2 Significant correlations (P<0.1) between production indicators for each species of fish, and various water chemistry and biota (plankton and
chironomids) (Ï = positive correlation.  Ð = negative correlation).
Parameter Survival Growth (SGR) Condition factor Yield
Murray trout Macquarie Murray trout Macquarie Murray trout Macquarie Murray trout Macquarie
cod cod perch cod cod perch cod cod perch cod cod perch
Mean temperature Ð
Temperate days between 18 & 28oC Ð Ð
Mean DO Ï
DO days > 3.0mg/L Ð
pH days between 6.5 and 9.0 Ð Ï Ð Ï Ï
Mean TAN Ð Ï Ï
TAN days < 0.78 mg/L Ï Ð Ï Ï
UIA days < 0.03 mg/L Ð Ð Ï
Mean Calanoid density Ï
Calanoid area > 132 ind./L Ð Ï
Calanoid days > 132 ind./L Ï
Mean Cyclopoid density Ï Ï
Food area > 579 ind./L Ð Ï
Food energy area > 7.02 j/L Ð Ï
Food energy days > 7.02 j/L Ð
Moina area > 324 ind./L Ð Ï
Zooplankton days > 1,355 ind./L Ð
Mean chironomid density Ð Ï
Chironomid area > 9,380 ind/m2 Ð Ï
Chironomid days > 9,380 ind/m2 Ð
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Fig. 10.3 Relationship between pH days between CLs (6.5  and 9) and fish yield (Murray
cod: RHo = 0.37, P = 0.01.  Trout cod: RHo = -0.19, P = 0.37.  Macquarie
perch: RHo = 0.54, P = 0.03) (Regressions:  Murray cod yield = 72.12 +
1.38(pH days).  Trout cod yield = 102.94 – 0.42(ph days).  Macquarie perch
yield = -29.31 + 4.19(ph days)).
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Fig. 10.4 Relationship between TAN days below CL (0.78 mg/L) and fish yield (Murray
cod: RHo = 0.56, P = 0.001.  Trout cod: RHo = -0.23, P = 0.33.  Macquarie
perch: RHo = 0.56, P = 0.05)  (Regressions:  Murray cod yield = 29.32 +
2.35(TAN days).  Trout cod yield = 120.74 – 0.70(TAN days).  Macquarie
perch yield = -123.14 + 5.34(TAN days)).
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10.3.2 Biota
A summary of RHo values and level of significance for each correlation analysis undertaken
between each parameter are presented in Appendix VI.  A summary of the significant
positive and negative correlations (P<0.1) observed between biota and fish stocking density,
water chemistry parameters and biota parameters, are presented in Table 10.3.  It was noted
that many of the significant correlations had positive RHo values.
Significant positive correlations were observed between fish stocking density and rotifer,
copepod nauplii and the zooplankton abundance indicators, while in contrast significant
negative correlations were observed for chironomid abundance indicators (area and days)
and copepods (days over CL) (Fig. 10.5).
Positive significant correlations were observed between the amount of both MAP and
ammonium sulphate added to the ponds and the Chlorophyll a area above the CL (Table
10.3).  Chlorophyll a (area and days above CL) was also positively correlated with mean
alkalinity (Table 10.3).  Chironomid abundance indicators were positively correlated with
the number of days that alkalinity and DO exceeded 20 mg/L and 3.0 mg/L, and were
positively correlated with the number of days TAN and orthophosphate were below
respective CLs.  Both cladoceran and copepod nauplii abundance indicators were negatively
correlated with mean pH, but the opposite was observed for rotifer abundance indicators,
which increased with increasing pH (Fig. 10.6).
Positive correlations were observed between chlorophyll a concentrations (area above CL)
and the abundance of both Daphnia and calanoids (Table 10.3).  Zooplankton abundance
indicators were positively correlated with abundance indicators for rotifers, cladocerans and
copepod nauplii (Fig. 10.7, Table 10.3).  The mean abundance of both calanoids and
Daphnia was negatively correlated with rotifer abundance indicators.  Positive correlations
were observed between chironomid abundance indicators and both cladoceran (including
Moina) and adult copepod (calanoids and cyclopoids) abundance indicators (Table 10.3).
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Table 10.3 Significant correlations (P<0.1) between biota (plankton and chironomids) and various water chemistry and other biota
 (Ï = positive correlation.  Ð = negative correlation) (M= mean density, A = area above CL, D = days above Cl).
Parameter Chlorophyll a Rotifers Moina Daphnia Cladocera Nauplii Calanoids Cyclopoids Copepods Zooplankton Chironomids
M A D M A D M A D M A D M A D M A D M A D M A D M A D M A D M A D
Fish stocking density Ï Ï Ð Ð Ð Ð Ð Ï Ð Ð
Map (kg/ha/day) Ï
Ammsul (kg/ha/day) Ï
Temperate days between CLs Ï Ï Ï
Mean Alkalinity Ï Ï Ï
Alkalinity days > 20mg/L Ï Ï Ï Ï
DO days > 3mg/L Ï Ï Ï
Mean pH Ð Ð Ð Ð Ð
TAN days < 0.78mg/L Ï
Orthophosphate days < 1.7mg/l Ï Ï Ï
Chla area > 58.71 µg/L Ï Ï
Mean rotifers density Ð Ð Ï Ï Ï
Rotifer area > 985 ind./L Ð Ð Ï Ï Ï
Rotifer days > 985 ind./L Ð Ð Ï Ï Ï
Mean Moina density Ï Ï Ï Ï Ï Ï Ï Ï Ï Ï Ï
Moina area > 324 ind./L Ï Ï Ï Ï Ï Ï Ï Ï Ï
Moina days > 324 ind./L Ï Ï Ï Ï Ï Ï Ï Ï
Mean Cladocera density Ï Ï Ï Ï Ï Ï Ï Ï Ï
Cladocera area > 418 ind./L Ï Ï Ï Ï Ï Ï Ï Ï Ï Ï Ï
Cladocera days > 418 ind./L Ï Ï Ï Ï Ï Ï Ï Ï
Mean nauplii density Ï Ï Ï Ï Ï
Nauplii area > 400 ind./L Ï Ï Ï
Nauplii days > 400 ind./L Ï Ï Ï
Mean calanoid density Ï Ï
Calanoid area >132 ind./L Ï Ï Ï
Calanoid days > 132 ind./L Ï Ï Ï
Mean cyclopoid density Ï
Cyclopoid area > 134 ind./L Ï Ï
Cyclopoid days > 134 ind./L Ï Ï Ï Ï
Mean Copepod density Ï
Copepod area >210 ind./L Ï Ï Ï
Copepod days > 210 ind./L Ï Ï Ï
Mean zooplankton density
Zooplankton area > 1,355 ind./L
Zooplankton days > 1,355 ind./L
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Fig. 10.5 Relationships between fish stocking density and number of days the
abundance of rotifers, Copepod nauplii, adult copepods and chironomids
exceeds respective CLs (Regressions:  Rotifer days over Cl =  1.04 + 0.11*
fish density.  Adult copepod days over CL =  5.41 - 0.19*fish density.  Nauplii
days over CL =  1.06 + 0.17*fish density.  Chironomid days over CL =  11.08
- 0.67*fish density).
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Fig. 10.6 Relationships mean pH and mean densities of cladocerans, copepod nauplii and
rotifers (Regressions: Mean rotifer density = -914.85 + 163.66*mean pH.  Mean
nauplii density =  672.44 - 66.19*mean pH.  Mean cladoceran density =  809.13
- 84.53*mean pH).
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Fig. 10.7 Relationship between days zooplankton abundance over CL (1,355 ind./L) and
days rotifer and copepod nauplii abundance over CL (Rotifer CL = 985 ind./L.
Nauplii CL = 400 ind./L) (Regressions:  Rotifer days over CL =  0.204 +
0.84*Zooplankton days over CL.  Nauplii days over CL =  2.25 +
0.47*Zooplankton days over CL).
10.4 DISCUSSION
The present study identified a number of factors that may influence growth, survival and
yield of fish in fry rearing ponds.  The negative effects of stocking density and stocking
biomass on growth were identified and discussed (Chapter 7).
Water chemistry, especially dissolved oxygen, pH, and unionised ammonia, can have a
profound effect on fish growth and survival in ponds (Boyd 1990) (Chapter 4).  The present
study detected both positive and negative correlations between these parameters and fish
production indicators.  Negative correlations were observed for temperature.  Although water
temperatures recorded in the ponds ranged from 9-34oC during the study (Chapter 4), the
seasonal nature of production of juvenile percichthyids in fry rearing ponds (November to
March) meant that extreme low temperatures (below the CL of 18oC) were uncommon and
as such limited the investigation of the effects of water temperature.  A positive correlation
between the condition of Murray cod and mean dissolved oxygen concentrations was
observed in the present study.  Dissolved oxygen levels recorded in the ponds during the
study ranged from 1.8 to 18.8 mg/L, but because mechanical aerators were employed in each
pond, dissolved oxygen concentrations rarely fell below the CL value of 3.0 mg/L.
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Therefore the influence of dissolved oxygen on fish production in these ponds may have
been reduced.  During the present study levels of both pH and UIA occasionally exceeded
the CLs, and correlations were observed between these parameters and fish survival, growth
and yield for some species.  Combinations of pH, UIA, temperature and dissolved oxygen
may have operated in synergy to influence fish growth and survival.  For example, Abdalla
et al. (1996) suggested the combined effect of low dissolved oxygen in the morning and high
unionised ammonia in the afternoon may have increased mortality in ponds stocked with
Nile tilapia (Oreochromis niloticus).
Both negative and positive correlations were observed between fish production indicators
and prey abundance indicators.  Survival and growth of fish in rearing ponds may be
dependent on the availability of suitable quantities of zooplankton of an appropriate size and
species.  Welker et al. (1994) found that the growth and survival of gizzard shad was
positively correlated with macrozooplankton prey abundance.  Rowland (1996) observed a
positive correlation between survival of larval golden perch stocked into fertilised ponds and
the volume of small sized zooplankton at the time of stocking.  In the present study, Murray
cod growth was positively correlated with cyclopoids, the yield of Macquarie perch was
positively correlated with calanoids and Moina and the yield of trout cod positively
correlated with chironomids.  Needless to say, all these species were identified as important
prey for juvenile percichthyids in rearing ponds (Chapter 8).  The abundance of these species
in the ponds during the present study was highly variable (see Chapters 5 and 6), but the
minimum abundances that maximise growth and survival are not known.  Rowland (1992)
found that survival of Murray cod post-larvae reared in tanks was not affected by
zooplankton densities, which were between 250 and 5,000 ind./L.  Laboratory experiments
have shown that survival of Macquarie perch larvae increased with increasing densities of
Artemia nauplii (100-3,000 ind./L) (Sheikh-Eldin et al. 1997).  Providing that appropriately
sized prey are present in the ponds at densities exceeding at least 250 ind./L the survival and
growth of perchthyids should be sustained and not limited by food availability.
There was evidence that trophic cascade (Carpenter et al. 1985) was occurring in the ponds
during the present study, in particular a shift in zooplankton abundance and species
composition associated with size selective predation (Brooks and Dodson 1965).  The
abundances of copepods (especially calanoids) and chironomids were negatively correlated
with fish stocking densities whilst the abundance of rotifers and copepod nauplii (small size
zooplankton) was positively correlated with stocking fish stocking density.  Copepods and
chironomids were important prey to percichthyids reared in these ponds, but despite being in
abundance, rotifers and copepod nauplii were rarely consumed (Chapter 8).
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Several authors have shown that plankitorous fish can have a strong negative impact on
populations of planktonic crustaceans (Threlkeld and Choinski 1987; Lazzaro et al. 1992;
Welker et al. 1994; Qin et al. 1995; Qin and Culver 1996; Dettmers and Wahl 1999; Romare
et al. 1999).  Threlkeld and Choinski (1987) showed that Dorosoma cepedianum and
Menidia beryllina reduced populations of copepods and cladocerans, and Dettmers and Wahl
(1999) showed that gizzard shad reduced crustacean zooplankton, causing a shift towards
smaller taxa in the zooplankton community.  Predation by high densities of larval and young-
of-year walleye reduced biomass of large zooplankton in ponds (Qin and Culver 1995,
1996).  Romare et al. (1999) showed that both rotifer and algal densities increased with
increasing densities of young-of-year European perch (Perca fluviatilis).  The increase in
abundance of rotifers and copepod nauplii may also have been due to enhanced
phytoplankton production resulting from reduced grazing pressure by large planktonic
herbivores and increased nutrients associated with fish faeces (Andersson et al. 1978;
Langeland and Reinertsen 1982).  Like these studies, the present study showed that the
influence of planktivorous fish on plankton depends largely on fish biomass.
The presence of fish, especially herbivorous species, has been shown to directly influence
the phytoplankton composition and abundance of aquaculture ponds (Milstein et al. 1985a;
Milstein et al. 1988).  But present study did not detect a direct significant correlation
between fish stocking density and phytoplankton (as indicated by chlorophyll a
concentrations).  This is not surprising considering that, being carnivorous, Murray cod, trout
cod and Macquarie perch rarely ingest phytoplankton (Chapter 8), and that top-down effects
diminish towards the base of the food chain (McQueen et al. 1986; Post and McQueen
1987).  However, these fish species may have influenced the phytoplankton indirectly, such
as by altering the zooplankton community, which changed grazing pressure by zooplankton
on phytoplankton (Langeland and Reinertsen 1982), or by affecting nutrient levels through
excreted wastes (Andersson et al. 1978).
Interactions among planktonic organisms are complex (DeVries and Stein 1992).  The
present study showed that there were more positive than negative correlations between
different zooplankton taxa groups.  Threlkeld and Choinski (1987) indicated that there were
few negative correlations between rotifer and crustacean taxa.  However, the present study
indicated a negative correlation between the mean abundance of Daphnia and calanoids and
the abundance of rotifers, which was in contrast to the observation made by Threlkeld and
Choinski (1987).  These correlations may be the result of interactions occurring at the
species level.  Threlkeld and Choinski (1987) observed consistent negative associations
between Polarthara vulgaris and daphnids.  The present study did not attempt to analyse the
rotifer species data, but more detailed examination of the interactions between rotifer species
194
and other plankton taxa would be required for further development of a community model
for fry rearing ponds.
The present study showed chironomid abundance indicators were positively correlated with
the number days that orthophosphate concentrations were below 1.7 mg/L.  The causative
factors driving this interaction are not clear, however chironomid larvae can play a role in
nutrient regeneration and omnivorous species in particular have been found to increase the
phosphorus content of the overlying water (Tatrai 1988).  The present study showed a
negative correlation between fish density and chironomids.  Likewise, several studies have
shown that fish influence the abundance of chironomids.  Lazzaro et al. (1992) observed a
negative correlation between chironomids and fish biomass, and Gilinsky (1984) showed
that fish predation significantly reduced the abundance of the larvae of some chironomid
species.  However, other factors besides fish biomass may influence chironomid abundance
in fry rearing ponds including substrate type and stability, water quality, bacterial loading,
organic matter content and interactions with other species (Beattie 1982; Pinder 1986;
Sankarperumal and Pandian 1992; Pinder 1995).
Qin and Culver (1996) found that algal abundance and composition were influenced more by
nutrients than fish density.  This was supported by the present study in which phytoplankton
was positively correlated with the amounts of fertiliser added to the ponds.  As indicated in
Chapter 5, this study has shown that addition of fertilisers increased chlorophyll a
concentrations in the days immediately following the fertilisation event.  The relationship
between phytoplankton biomass and dissolved oxygen in fish ponds is well known (Smith
and Piedrahita 1988).  However, the fact that ponds at Snobs Creek were aerated may have
prevented this relationship from being observed in the present study.
The present study showed that cladocerans, especially Moina declined with increasing mean
pH.  The response of zooplankters to different pH levels may be species specific.  Beklioglu
and Moss (1995), showed that the abundance of Daphnia hyalina increased with increasing
pH (up to 10.0), whereas the abundance of other cladocerans species (Bosmina and
Ceriodaphnia) declined.  The relationship between pH and zooplankton is likely to be more
complicated than expected here considering that fluctuations in pH have been linked to other
processes and reactions within the pond environment, including photosynthesis, carbon
dioxide fluxes and ammonia concentrations (Boyd 1990).  It is conceivable that many of
these linked processes are working in synergy to influence the abundance of the zooplankton
community.
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The use of correlation analyses was suitable to indicate the direction and magnitude of
relationship between pairs of parameters within the pond community.  However, it is
recognised that this type of analysis suggests causal interactions and relationships amongst
the parameters if they are themselves not correlated to other parameters (Threlkeld and
Choinski 1987).  Other factors, which were not included in the present study, may have
influenced interactions between the parameters.  These may include previous pond
management history (fertilisation regimes etc), weather and climatic factors (rainfall and
daylength etc), types of fertilisers, use of supplementary aeration and so on (Boyd 1986;
Ludwig 2000).  The role of the bacterial community in the ponds was not explored in the
present study.  Cycling of nutrients (nitrogen and phosphorus and carbon compounds) within
aquaculture ponds relies heavily on the activity of bacteria (Moll 1986).  Infestations of
external protozoan parasites (in particular Trichodina, Ichthyobodo and Ichthyophthirius)
were observed on fish from 17 pond fillings.  These parasites have the potential to cause
massive mortalities in juvenile percichthyids (Rowland and Ingram 1991).  It is noted in
these ponds however, that survival rates were generally no lower than observed in ponds
where parasites were not recorded (personal observation).  Predation by birds, particularly
cormorants (Phalacrocorax spp.), has also caused losses of fish in ponds (Barlow and Bock
1984; Rowland 1995).  On occasions during the present study, cormorants were observed in
the ponds, but active measures were taken to frighten them away.  No attempt was made to
quantify their impact on fish survival in the ponds.
The use of the number of days and the area above (or below) a predetermined CL was useful
in identifying correlations between pairs of parameters examined in the present study.
However, these analyses have limited application because correlations may be quite complex
and several parameters may work in synergy to influence another.  These data may be further
explored by multivariate analyses, including multi-dimensional scaling, principal component
analysis and multivariate regression (Milstein 1993; Prein et al. 1993 and, ultimately,
incorporation into a model to simulate and predict growth and survival of fish in fry rearing
ponds.
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11 CONCLUSIONS AND RECOMMENDATIONS
11.1 CONCLUSIONS
Data collected from 104 pond fillings contributed significantly to the knowledge of
production of juvenile Murray cod, trout cod and Macquarie perch in fry rearing ponds.  In
particular, the dynamics and interactions of physical (water chemistry, etc) and biological
(plankton and macrobenthos communities) processes occurring within the ponds and how
these may influence fish growth and survival.
The study was however, limited by the small number of ponds available (five in total), the
seasonality of fry production at Snobs Creek (November-March), and the overlying
imperative to maximise production each season to meet the State of Victoria’s commitment
to the release of fingerlings for conservation and recreational purposes.  Nevertheless, the
ecologically based approach to the study provided valuable information which contributed to
a better understanding of the fry pond ecosystem and which assisted in improving operation
and management strategies to enhance fingerling production.
Water chemistry in fry rearing ponds varied spatially (within and between ponds) and
temporally (diurnally, daily and seasonally).  These patterns were similar to what has been
observed in aquaculture ponds elsewhere (see Boyd 1990).  Liming of ponds increased the
total alkalinity to levels that were considered to be suitable for enhancing plankton
communities and fish production.  At times some parameters reached levels which may have
stressed fish and reduced growth and survival, in particular, low dissolved oxygen
concentrations (minimum 1.18 mg/L), high temperatures (maximum 34oC), high pH
(maximum 10.38) and high unionised ammonia (maximum 0.58 mg/L).  However, pond
management strategies including the installation of automatic paddlewheels, and regular
pond flushing were adopted to reduce the impact of these events.  Nevertheless, water
quality within the ponds for the most part was suitable for the rearing of juvenile Murray
cod, trout cod and Macquarie perch, as reflected in overall production (growth, survival and
yield) from the ponds.
Species belonging to 37 phytoplankton, 45 zooplankton and 17 chironomid taxa were
identified from the ponds during the present study.  In addition, an extensive checklist of
aquatic flora and fauna, recorded from aquaculture ponds in south-eastern Australia, was
compiled and published along with detailed identification keys and biological and ecological
notes (Appendix I).  Although a wide range of flora and fauna were observed in the ponds,
plankton and benthos samples were usually dominated (numerically) by a few species only.
Rotifers (especially Filinia, Brachionus, Polyarthra, and Asplanchna), cladocerans (Moina
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and Daphnia) and copepods (Mesocyclops and Boeckella) were most abundant and common
in the plankton, while chironomids (Chironomus, Polypedilum, and Procladius) and
oligochaetes were most common and abundant in the benthos.  Species abundance was not
quantified for phytoplankton.
Both abundance and species composition of the plankton and macrobenthos varied spatially
(within and between ponds) and temporally (diurnally, daily and seasonally).  During the
time that ponds were filled with water, the plankton and chironomid communities underwent
marked fluctuations in abundance.  An overview of community succussion patterns in fry
rearing ponds at Snobs Creek, combined with the average growth of Murray cod (presented
as change in total length), is presented in Fig. 11.1.  These patterns compared loosely with
the hypothetical pond community succession patterns presented in Fig. 1.1.  An initial peak in
phytoplankton biomass (measured as chlorophyll a) occurred within two weeks of filling and
fertilisation of the ponds, which was followed by a peak in zooplankton abundance, 2-
4 weeks after filling.  Typically, amongst the zooplankton, rotifers were first to develop high
densities (2nd–3rd week), followed by cladocerans (2nd-4th week) then copepods (2nd-5th
week).  Chironomid abundance on average peaked later (on the 5th week).  However, unlike
the hypothetical model, smaller secondary peaks in phytoplankton and zooplankton occurred
from about the 7th week after filling.
A multitude of factors may influence these succession patterns.  The present study, showed
that chlorophyll a concentrations increased within days of a fertilisation event, and may have
been responsible for the pattern observed in phytoplankton.  Likewise, some zooplankton
species also responded positively to fertilisation events, but may also have responded to the
increase in phytoplankton.  The decline in phytoplankton after the initial peak may have been
due in part to grazing pressure by the herbivores amongst the zooplankton.  Not only the
decline in food resources (the phytoplankton), but also predation pressure by fish may have
contributed the decline in zooplankton abundance after the initial peak.
The increase in abundance of chironomid larvae was most likely due to a continual
deposition of eggs in the ponds by adult midges.  The decline in abundance in latter weeks
may have been due to a combination of larvae pupating and leaving the ponds as adults and
predation by fish and other predators.  The present study showed that the presence of fish in
the ponds influenced chironomid populations.  However, patterns in pupation and emergence
were not examined.
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Chlorophyll a (ug/L) Zooplankton (ind./L)Chironomids (ind./m2) Murray cod length (mm)
Time (week)
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Fig. 11.1 Succession patterns in phytoplankton abundance (as chlorophyll a),
zooplankton abundance, chironomid abundance, and change in Murray cod
length in fry rearing ponds at Snobs Creek (average weekly values for all pond
fillings).
The present study developed length-weight, age-weight and age-length relationships for
Murray cod, trout cod and Macquarie perch reared in the ponds.  These relationships were
most similar for Murray cod and trout cod, which was not surprising considering that these
species are more closely related phylogenetically and similar morphologically than
Macquarie perch.
Growth of fish reared in the ponds was negatively correlated with both size at stocking and
stocking biomass, whereas survival was not affected by these factors.  Some water quality
parameters and factors relating to abundance of prey were also significantly correlated with
fish growth, survival, condition and yield.  Occasionally, very low survival rates were
recorded for some ponds.  These may have been due to other factors that were not quantified
(or not identified) during sampling of the ponds, in particular predation, cannibalism and
disease.
The decline in growth of fish in latter weeks observed during the study (see Fig. 11.1) may
have been due to a decline in prey availability, perhaps as a result of both overgrazing by
fish, especially in heavily stocked ponds, and a decline in food resources (as described
above).  Furthermore, selective feeding by fish on larger planktonic species such as adult
copepods and cladocerans, may have influenced the plankton community structure as
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proposed by the trophic cascade or top –down hypothesis (Carpenter et al. 1985; McQueen
et al. 1986).  Indeed, the second smaller peak in phytoplankton observed may have been a
response to a reduction in predation pressure associated with the decline in large zooplankton
species.  The second smaller zooplankton peak may have occurred as a response to the
increase in phytoplankton.  Additionally, conditions at this time may have favoured smaller
zooplankton species, such as rotifers, which were not preyed on by fish in the ponds.
The present study showed that the diets of Murray cod trout cod and Macquarie perch were
similar.  The most commonly occurring and abundant prey were the cladocerans Moina and
Daphnia, adult calanoid and cyclopoid copepods and the chironomids, Chironomus,
Polypedilum and Procladius.  These results were not unexpected considering that these taxa
were common and abundant in the ponds.  Prey selection of smaller Murray cod, trout cod
and Macquarie perch, may be limited by mouth gape as the size range of prey consumed
generally increased with increasing fish size.  Diet composition changed as the fish grew,
which may have reflected a combination of prey availability and selectivity.  For all three
species of fish, selection for rotifers and copepod nauplii was strongly negative.  Early after
stocking the fish into the ponds, Moina was generally the more common prey consumed,
while in latter weeks, copepods and chironomids became more abundant and common in the
diet.  Previous dietary studies on juvenile percichthyids tended to underestimate the
importance of chironomids as prey.  However, this study showed that on a dry weight basis,
chironomid larvae were the most important component in the diets of these species.
The proximate composition and energy content of Murray cod, trout cod and Macquarie
perch, reared in the ponds did not vary significantly between the species, and few significant
changes were observed as the fish grew.  These results suggested that the nutrient
requirements of these species might not vary over the size range of fish examined.  However,
since there is an increasing interest in the aquaculture of these species, especially Murray
cod, these results provided valuable information on their gross nutritional requirements,
which may be used to assist in the development of appropriate artificial diets for weaning
and rearing juveniles.
The study of chironomid larvae in fry rearing ponds is difficult due to the effort required to
collect representative samples, isolate larvae from those samples and identify species.  The
fact that chironomids are an important part of the diet of juvenile fish reared in the ponds
demonstrates that further study of chironomid populations in the ponds is warranted.  In
particular, an investigation of potential methods to enhance their populations, such as use of
lights to attract adult midges, and pond fertilisation regimes.  Although fertilisation regimes
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generally remained constant during the study, there is scope to investigate the effects of
alternative fertilisation regimes on production of both plankton and benthos communities.
The present study, has indicated that more stringent monitoring of fry rearing ponds,
especially water quality, zooplankton and benthos communities and fish, combined with an
associated increase in understanding of the pond ecosystem, can lead to substantial
improvements in pond productivity and associated fish production.  In the present study this
has resulted in a general increase in survival rates, which became less variable or more
predictable in nature.  The value of such knowledge can provide managers with a more
predicative capacity to estimate production of ponds in support of stock enhancement
programs and provision of juvenile for aquaculture grow-out.
11.2 POND MANAGEMENT RECOMMENDATIONS
The following recommendations were derived from knowledge gained during the present
study.  These recommendations refer specifically to the production of Murray cod, trout cod
and Macquarie perch in ponds at Snobs Creek.  However, they may be relevant or adapted to
other species reared in other locations.
The principal objective of rearing juvenile fish in fertilised fry ponds is to provide an
environment in which the fish survive and grow rapidly.  This relies on the maintenance of
an appropriate size and abundance of food organisms (zooplankton and macroinvertebrates),
while simultaneously maintaining water quality suitable for survival and growth.
Methods described in Chapter 2 outline suitable pond preparation procedures.  However, it is
important to time preparation and filling of ponds to coincide with fish spawnings to ensure
that when juvenile fish are ready to be stocked into the ponds, there has been sufficient time
for the ponds to develop suitable blooms of zooplankton.
Pond fertilisation regimes applied to the ponds are described in Chapter 2.  Monitoring of
water chemistry should include measurement of TIN and orthophosphate as indicators of
nutrient concentrations for phytoplankton growth.  In general, concentrations of TIN and
orthophosphate should be maintained at 0.2 - 0.4 mg/L and 0.5 - 1.5 mg/L, respectively.
Water quality should be monitored at least weekly.  Due to diurnal variations in some
parameters, a monitoring program should ensure that samples are routinely collected at the
same time each day.  Additional samples should be collected at times when critical levels in
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key water quality parameters occur, such as early morning (low dissolved oxygen) and late
afternoon (high pH).
Supplementary aeration is mandatory to assist in preventing low dissolved oxygen
concentrations and pond stratification.
Ponds should be flushed regularly (at least weekly) with fresh water to replace water lost
through evaporation and to reduce the effects of poor water quality events such as high pH
and high UIA.
Sampling methods for plankton and benthos are described in Chapter 2.  Sampling programs
should ensure that spatial and temporal variations are taken into account.  Samples should be
collected at the same time of day at least weekly.  Samples should be collected from several
locations in the pond, and from different depths.
Monitoring of changes in the plankton community will assist in managing fertilisation
regimes (especially phytoplankton), and provide an indication of the likely diet of the fish
stocked in the ponds.  This latter point is particularly important because fish should not be
stocked into the ponds until zooplankton densities and composition are suitable.  Post-larvae
of Murray cod, trout cod and Macquarie perch are released into the ponds once zooplankton
densities exceed 500 ind./L, and there is a high proportion of preferred prey present, namely
cladocerans (especially Moina) and copepods.
Murray cod, trout cod and Macquarie perch are generally not stocked into the ponds until,
after the onset of exogenous feeding.  Usually they have been feeding on first instar Artemia
nauplii in the hatchery for up to 3 weeks before being released into the fry rearing ponds.
Due to the time consuming nature of collection and processing of benthos samples, regular
routine monitoring of chironomids communities using the methods described in the present
study is not recommended.  Nevertheless, because chironomids are important prey, there is
need to develop a quick and reliable method of monitoring the chironomid communities
within the ponds.  For example, emergence traps, which are used to collect chironomid
pupae (McCauley 1976; Welch et al. 1988), have already been employed in studies of
chironomid communities of ponds (Matena 1989, 1990).
Accurate estimates of fish numbers are required to ensure ponds are stocked at an optimal
density.  In general, Murray cod and trout cod post-larvae are stocked at densities up to 25
fish/m2, and Macquarie perch up to 30 fish/m2.  Fish may be stocked at higher densities, but
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as the present study has shown, growth rates may be reduced.  The densities recommended
here are considered to optimise both pond space, which is limited at Snobs Creek, and
growth rates.
Sampling methods for fish are described in Chapter 2.  Fish should be sampled weekly, to
monitor, growth and condition and to check for diseases.  Routine examination of gut
contents is recommended.
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Aquatic life in freshwater ponds:  A guide to the
identification and ecology of life in aquaculture ponds and
farm dams in south eastern Australia
By
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Freshwater Ecology, Murray-Darling Freshwater Research Centre, P.O. Box 921, Albury,
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APPENDIX II
Sources of dry weight formulae and relationships for aquatic
animals used in the present study
Taxa Source and comments
Rotifera
Asplanchna Bottrell et al. 1976
Brachionus Dumont et al. 1975
Conochilus Kobayashi et al. 1996 after Makarewicz & Likens 1979
Filinia Bottrell et al. 1976
Hexarthra Dumont et al. 1975
Keratella Kobayashi et al. 1996 after Ruttner-Kolisko 1977
Lacinularia No reference, used info for Conochilus
Lecane Kobayashi et al. 1996 after Ruttner-Kolisko 1977
Polyarthra Kobayashi et al. 1996 after Ruttner-Kolisko 1977
Bdelloid rotifers Kobayashi et al. 1996
Cladocera
Moina Dumont et al. 1975 for M. micrura
Daphina Dumont et al. 1975 Daphnia spp. pooled
Bosmina Kobayashi et al. 1996
Chydoridae Kobayashi et al. 1996
Copepoda
Nauplii Kobayashi et al. 1996
Calanoida Dumont et al. 1975 Calanoida pooled
Cyclopoida Dumont et al. 1975 Cyclopoida pooled
Other taxa
Nematoda Meyer 1989
Ostracoda P. De Deckker, pers comm
Hydracarina Meyer 1989
Oligochaetes Meyer 1989 Naididae
Ciliates Kobayashi et al. 1996
Insecta
Coleoptera Burgherr and Meyer 1997 Coleoptera larvae
Diptera
Chaoboridae Smock 1980 Diptera pooled
Chironomidae Smock 1980 Chironomid larvae.
Burgherr and Meyer 1997, Diptera pupae
Culicidae Smock 1980 Diptera pooled
Stratiomyidae Smock 1980 Diptera pooled
Ephemeroptera Smock 1980 Caenis equation for Tasmanocaenis
Hemiptera
Notonectidae Smock 1980 Hemiptera pooled
Corixidae Smock 1980 Hemiptera pooled
Odonata Smock 1980 Argia equation for Coenagrionidae
Trichoptera Smock 1980 Trichoptera pooled
APPENDIX III
Proximate analysis of selected aquatic organisms reported in the literature (% of dry weight unless specified)
Species Moisture Ash Energy(kj/g) Lipid Carbohydrate Protein Source
ROTIFERS
Brachionus sp. 95.6 Dabrowski and Rusiecki 1983
B. calyciflorus 17.0 6.3 25 57.4 Gyano and Szeverenyi 1980
B. calyciflorus 87.5-91 46.1-53.8 Awaiss et al. 1992
B. plicatilus 86.4-91.8 3.7-10.9 15.2-31.6 60.2-67.1 Watanabe et al. 1983
Total 86.4-95.6 3.7-10.9 17 6.3-31.6 25 46.1-67.1
CLADOCERANS
Daphnia Goulden and Place 1990,
Daphnia sp. 89.3 6.5 13.1 70.1 Watanabe et al. 1983
Daphnia spp. 5.9-13 17.4-21.4 Wissing and Hasler 1971
Daphnia spp. 5.5-13.4 16.0-24.0a Wissing and Hasler 1968
D. carinata 92.9 11.3 22 7.3 27.1 54.3 Kibria et al. 1999
D. cristata 8.1 23.3a Salonen et al. 1976
D. dubia 7.6-9.1 19.8-20.1 Schindler et al. 1971
D. hyalina 26.3 24.3 6.3 69.4 Vijverberg and Frank 1976
D. magna 88.9 4.0-9.2 Herbes and Allen 1983
D. pulex 93 Dabrowski and Rusiecki 1983
D. pulex 94 19.3 15.1 16.3 4.9 49.7 Yurkowski and Tabachek 1979
D. pulex 8-26 11-21 6-32 29-74 Yurkowski and Tabachek 1979
Total 88.9-94.0 5.9-26.0 15.1-26.3 4.0-24.3 4.9-32 29-74
Moina
Moina sp. 87.2-89.0 11.8-27.3 68.8-78.2 Watanabe et al. 1983
M. micrura 8.7 65.1 Tay et al. 1991
M. australiensis 93.7 6.8 23.8 7.7 20.7 64.8 Kibria et al. 1999
M. macrocopa 10.2 70.5 Norman et al. 1979
M. rectirostris 22.9 12.5 14.2 65.7 Gyano and Szeverenyi 1980
Total 87.2-93.7 6.8 23.8-22.9 7.7-27.3 14.2-20.7 64.8-78.2
Species Moisture Ash Energy(kj/g) Lipid Carbohydrate Protein Source
COPEPODA
Calanoida
Diaptomus sp. 92 5.8 19.2 24.6 3.5 58.1 Yurkowski and Tabachek 1979
Diaptomus sp. 3-5 14-21 8-12 38-72 Yurkowski and Tabachek 1979
D. clavipes 68.3 8.3 Herbes and Allen 1983
D. minutus 0.1-2.1 23.3-30.9 Schindler et al. 1971
Eurytemora affinis 26.6 23.6 8.5 67.9 Vijverberg and Frank 1976
Leptodiaptomus 6.6-47.1 Arts et al. 1993
Limnocalanus &
Eudiaptomus
2.9-5.6 23.4-30.3a Salonen et al. 1976
Total 68.3-92 0.1-5.8 19.2-30.9 6.6-47.1 3.5-12 38-72
CHIRONOMIDAE
Chironomid larvae 15-28.6 Hanson et al. 1985
Chironomid larvae 71-92 5-21 2 4-23 49-62 Yurkowski and Tabachek 1979
Chironomid larvae 3.1-6.2 20.5-26.8 Wissing and Hasler 1971
Chironomid larvae 93.3-93.6 13.3-14.2 12.0-14.2 49.5-51.2 Habib et al. 1997
Chironomid larvae 80.9 5.8 21.1 4.9 22.5 59 Hepher 1988
Chironomid larvae 86.5 9.2 17.2 13.8 22.9 47.7 Yurkowski and Tabachek 1979
Chironomus 5.16 19.7a Salonen et al. 1976
Glyptotendipes 2.3-6.3 19.6-23.5a Wissing and Hasler 1968
Pentapedilum 6-15 Beattie 1978
Total 71-93.6 2.3-21 17.2-26.8 4.9-28.6 4-23 47.7-62
a converted from ash free determinations to dry weight determinations
APPENDIX IV
Non-essential amino acid (mg amino acid/g sample) composition of
prey items and fish reared in ponds at Snobs Creek
Species/
Variable
Group Aspartic
acid1
Glutamic
acid2
Serine Glycine Alanine Tyrosine
Boeckella
Size Large 16.5+5.6 22.8+7.9 6.9+2.3 7.7+2.5 11.8+3.9 12.5+3.9
Medium 18.2+8.6 27.2+11.5 6.4+3.0 7.3+3.1 13.1+5.3 10.6+5.2
Small 26.6+7.0 38.7+10.5 9.7+2.5 11.1+2.9 18.0+5.1 17.1+4.9
Season Spring 17.2+7.2 27.4+11.1 6.1+2.7 7.7+3.2 13.7+5.4 12.7+5.2
Summer 23.2+5.5 32.3+7.4 8.7+1.8 9.5+2.0 15.1+3.4 13.9+3.4
Age 2-4wks 17.1+9.2 22.8+11.8 7.0+3.9 7.7+4.3 12.1+6.9 12.6+7.2
4-6wks 22.4+5.4 32.9+7.6 8.0+1.9 9.2+2.1 15.5+3.6 13.9+3.5
6-8wks 16.0+10.1 22.9+15.0 6.8+4.0 7.9+4.5 11.4+6.5 12.3+6.4
All 20.9+4.3 30.4+6.0 7.7+1.5 8.8+1.7 14.6+2.8 13.5+2.8
Daphnia
Size Large 9.9+2.8 16.9+4.7 5.5+1.6 5.8+1.5 7.7+2.1 6.6+1.6
Medium 13.2+3.2 20.9+4.9 6.5+1.6 7.1+1.7 10.0+2.4 6.0+1.6
Small 14.6+2.8 26.0+5.1 6.4+1.2 9.3+1.8 12.8+2.5 8.7+1.7
Season Spring 8.5+3.2 13.2+4.7 4.0+1.5 4.2+1.4 5.9+1.9 3.7+1.3
Summer 14.5+1.8 24.9+3.1 7.2+0.9 8.9+1.1 12.1+1.6 8.6+1.0
Age 2-4wks 14.3+9.0 23.7+14.7 8.3+5.4 7.9+5.0 11.1+6.9 8.5+5.4
4-6wks 12.6+1.8 21.9+3.1 6.1+0.9 7.8+1.1 10.6+1.6 7.4+1.0
6-8wks 11.1+5.6 16.4+8.2 5.2+2.5 5.2+2.3 7.4+3.3 4.8+2.1
All 12.5+1.7 21.0+2.8 6.2+0.9 7.3+1.0 10.0+1.4 7.0+0.9
Moina
Size Large 14.0+6.7 18.0+8.6 7.0+3.4 5.7+2.7 8.6+4.1 6.8+3.3
Medium 11.4+6.6 18.4+11.4 2.9+.3 5.9+3.3 10.3+6.6 4.0+1.9
Small 15.3+7.5 20.0+10.6 6.5+3.8 8.0+3.2 13.9+5.4 6.7+3.7
Season Spring 15.0+4.4 20.5+6.4 6.1+2.2 7.2+1.9 12.2+3.3 6.4+2.1
Summer 8.3+0.8 11.3+1.5 3.6+0.4 4.1+0.3 5.6+0.6 4.3+0.1
Age 0-2wks 15.0+4.4 20.5+6.4 6.1+2.2 7.2+1.9 12.2+3.3 6.4+2.1
2-4wks 7.4 9.9 3.3 3.8 5.1 4.2
4-6wks 9.1 12.8 4.0 4.3 6.3 4.4
All 13.8+3.7 18.8+5.3 5.7+1.8 6.6+1.6 11.0+2.8 6.0+1.7
1.  Aspartic acid = aspartic acid + aspartate
2.  Glutamic acid = glutamic acid + glutamine
Species Size
(mm)
Aspartic
acid
Glutamic
acid
Serine Glycine Alanine Tyrosine
Murray cod 25-29.9 10.1+3.5 14.4+5.1 4.4+1.1 5.8+1.8 5.4+1.6 3.3+0.9
30-34.9 10.4+0.6 15.3+0.6 5.7+1.1 7.6+1.1 6.6+1.0 3.9+0.7
>35 21.6+13.7 30.4+19.2 10.6+6.7 12.8+8.2 11.6+7.4 6.8+4.3
ALL 14.04.4 20.0+6.1 6.9+2.1 8.8+2.6 7.9+2.3 4.7+1.3
Trout cod 25-29.9 17.6+14.1 24.4+19.5 8.0+6.3 9.4+7.4 8.9+7.0 5.4+4.2
30-34.9 18.4+7.7 24.8+9.1 9.8+4.1 13.2+6.0 11.1+5.0 6.3+2.9
>35 13.3+1.1 19.0+1.2 6.5+0.4 7.7+0.1 7.0+0.1 4.2+0.2
ALL 16.4+4.3 22.7+5.7 8.1+2.0 10.1+2.7 9.0+2.3 5.3+1.4
Macquarie
perch
30-34.9 21.7+6.2 30.7+8.4 9.5+2.0 13.1+3.1 12.5+3.0 7.3+1.7
>35 19.5+12.0 28.9+18.2 9.6+6.1 13.0+8.3 11.2+7.1 5.9+3.6
ALL 21.0+5.0 30.1+7.1 9.5+2.0 13.1+2.9 12.1+2.7 6.8+1.4
1.  Aspartic acid = aspartic acid + aspartate
2.  Glutamic acid = glutamic acid + glutamine
APPENDIX V
Results of Pearson correlation analyses (Rho and P) between fish survival, growth, condition and yield
and various water chemistry and biota parameters
Parameter Statistics Survival Growth (SGR) Condition factor Yield
Murray Trout Macquarie Murray trout Macquarie Murray trout Macquarie Murray trout Macquarie
cod Cod perch cod cod perch Cod cod perch cod cod perch
Mean temperature Rho -0.14 -0.50 -0.23 0.06 -0.20 0.11 0.09 -0.13 -0.17 0.01 -0.24 -0.04
P 0.35 0.01 0.37 0.70 0.37 0.68 0.53 0.55 0.53 0.95 0.27 0.87
Temperate Rho -0.15 -0.49 -0.01 0.06 -0.57 -0.02 -0.06 -0.27 0.00 0.23 -0.19 0.11
days between 18 and 28 P 0.31 0.02 0.97 0.68 0.00 0.95 0.69 0.21 0.99 0.12 0.39 0.67
Mean dissolved oxygen Rho -0.05 0.08 -0.33 -0.03 0.21 -0.16 0.32 0.26 -0.34 -0.28 -0.22 -0.29
P 0.72 0.72 0.20 0.84 0.33 0.55 0.02 0.22 0.20 0.05 0.32 0.26
Dissolved oxygen Rho -0.14 -0.40 -0.13 0.01 -0.52 -0.04 -0.12 -0.15 0.06 0.24 -0.16 0.11
days < 3.0mg/L P 0.32 0.06 0.61 0.94 0.01 0.89 0.43 0.49 0.82 0.11 0.45 0.68
Mean pH Rho -0.07 -0.06 -0.23 -0.10 0.02 -0.27 0.30 0.16 -0.35 -0.31 -0.32 -0.28
P 0.66 0.77 0.38 0.52 0.94 0.29 0.04 0.45 0.18 0.03 0.14 0.27
pH days between 6.5 and 9.0 Rho 0.01 -0.49 0.43 0.06 -0.43 -0.08 -0.15 -0.02 0.10 0.37 -0.19 0.54
P 0.92 0.02 0.09 0.71 0.04 0.76 0.32 0.94 0.70 0.01 0.37 0.03
Mean TAN Rho -0.42 0.03 0.54 0.18 0.40 0.35 0.25 0.05 0.04 -0.25 0.07 -0.15
P 0.01 0.90 0.06 0.28 0.08 0.25 0.13 0.84 0.91 0.13 0.77 0.63
TAN days < 0.78mg/L* Rho 0.31 -0.49 0.19 0.00 -0.70 0.02 -0.27 -0.28 -0.01 0.56 -0.23 0.56
P 0.05 0.03 0.53 0.98 0.00 0.94 0.10 0.24 0.99 0.00 0.33 0.05
Mean UIA Rho 0.29 0.15 0.29 0.01 0.23 -0.30 0.07 0.06 -0.23 -0.23 -0.22 0.04
P 0.07 0.52 0.34 0.97 0.32 0.32 0.67 0.79 0.47 0.16 0.34 0.90
UIA days < 0.03 mg/L Rho -0.09 -0.56 -0.27 -0.02 -0.63 0.35 -0.19 -0.22 0.26 0.59 -0.12 0.27
P 0.59 0.01 0.37 0.91 0.00 0.25 0.24 0.36 0.41 <.0001 0.61 0.37
Mean Calanoid density Rho -0.17 -0.11 -0.09 -0.20 -0.36 -0.07 -0.21 -0.22 0.30 0.24 -0.26 0.60
P 0.30 0.65 0.77 0.21 0.11 0.82 0.21 0.34 0.35 0.14 0.28 0.03
Parameter Statistics Survival Growth (SGR) Condition factor Yield
Murray Trout Macquarie Murray trout Macquarie Murray trout Macquarie Murray trout Macquarie
cod Cod perch cod cod perch Cod cod perch cod cod perch
Calanoid area > 132 ind./L Rho -0.25 0.07 -0.25 -0.14 -0.50 -0.18 -0.21 -0.24 0.01 -0.11 0.17 0.67
P 0.12 0.78 0.40 0.40 0.02 0.55 0.21 0.31 0.98 0.50 0.49 0.01
Calanoid days > 132 ind./L Rho -0.01 0.13 -0.26 -0.33 -0.27 -0.19 -0.12 -0.36 0.00 0.19 0.17 0.63
P 0.93 0.59 0.39 0.04 0.26 0.54 0.46 0.12 1.00 0.25 0.46 0.02
Mean Cyclopoid density Rho -0.28 0.23 -0.26 0.41 0.12 -0.07 0.10 0.53 0.20 -0.34 0.19 -0.02
P 0.08 0.33 0.38 0.01 0.62 0.82 0.56 0.02 0.54 0.04 0.42 0.94
Cyclopoid area > 134 ind./L Rho 0.04 0.24 0.20 0.32 0.04 0.31 0.06 0.47 0.06 -0.04 0.23 -0.03
P 0.78 0.32 0.51 0.04 0.85 0.30 0.71 0.03 0.85 0.80 0.34 0.92
Cyclopoid days > 134 ind./L Rho -0.15 0.28 0.21 0.36 0.05 0.35 0.13 0.29 0.25 -0.17 0.12 0.01
P 0.36 0.24 0.48 0.02 0.83 0.24 0.45 0.22 0.43 0.29 0.62 0.96
Mean Daphnia Rho -0.08 0.00 -0.27 0.09 0.31 0.19 -0.10 -0.04 0.35 0.02 0.00 -0.09
P 0.63 0.99 0.38 0.57 0.19 0.54 0.53 0.88 0.27 0.92 0.99 0.76
Daphnia area > 94 ind./L Rho -0.09 0.11 -0.50 0.05 0.24 -0.13 -0.07 -0.07 0.10 -0.01 0.16 -0.16
P 0.60 0.64 0.08 0.76 0.32 0.68 0.66 0.78 0.75 0.97 0.49 0.61
Daphnia days > 94 ind./L Rho 0.06 0.04 -0.50 -0.04 0.24 -0.13 -0.16 -0.01 0.10 0.19 0.12 -0.16
P 0.72 0.88 0.08 0.81 0.31 0.68 0.32 0.97 0.75 0.24 0.62 0.61
Mean food density Rho -0.41 0.14 -0.17 0.27 -0.23 0.21 -0.24 -0.20 0.07 -0.21 0.21 -0.11
P 0.01 0.56 0.57 0.09 0.32 0.49 0.14 0.41 0.82 0.20 0.38 0.72
Food area > 579 ind./L Rho -0.38 0.16 0.05 0.23 -0.29 0.07 -0.34 0.10 0.00 -0.25 0.34 0.58
P 0.02 0.51 0.87 0.15 0.21 0.83 0.04 0.67 0.99 0.12 0.14 0.04
Food days > 579 ind./L Rho -0.36 0.17 -0.36 0.16 -0.31 0.01 -0.26 -0.30 0.33 -0.19 0.28 0.29
P 0.02 0.46 0.22 0.33 0.18 0.98 0.11 0.20 0.30 0.25 0.23 0.34
Mean food energy Rho -0.39 -0.02 -0.20 0.12 -0.34 0.14 -0.23 -0.24 0.28 -0.03 -0.09 0.29
P 0.01 0.94 0.51 0.47 0.15 0.65 0.16 0.30 0.38 0.85 0.70 0.34
Parameter Statistics Survival Growth (SGR) Condition factor Yield
Murray Trout Macquarie Murray trout Macquarie Murray trout Macquarie Murray trout Macquarie
cod Cod perch cod cod perch Cod cod perch cod cod perch
Food energy area > 7.02 j/L Rho -0.29 -0.08 -0.33 -0.10 -0.62 -0.10 -0.39 -0.43 0.18 0.07 0.15 0.54
P 0.07 0.75 0.28 0.56 0.00 0.74 0.02 0.06 0.57 0.66 0.52 0.06
Food energy days > 7.02j/L Rho -0.11 -0.37 -0.06 -0.09 -0.69 0.19 -0.33 -0.39 0.42 0.36 0.04 0.44
P 0.51 0.11 0.84 0.60 0.00 0.54 0.04 0.09 0.17 0.03 0.87 0.14
Mean Moina density Rho -0.28 0.12 -0.23 0.06 -0.24 0.04 -0.41 -0.20 0.10 -0.06 0.33 0.00
P 0.08 0.62 0.44 0.70 0.31 0.90 0.01 0.39 0.75 0.73 0.15 0.99
Moina area > 324 ind./L Rho -0.22 0.12 -0.09 0.07 -0.41 -0.15 -0.47 -0.45 -0.02 -0.02 0.31 0.76
P 0.18 0.62 0.77 0.66 0.07 0.62 0.00 0.05 0.96 0.89 0.18 0.00
Moina days > 324 ind./L Rho -0.24 0.15 -0.49 -0.03 -0.33 -0.13 -0.44 -0.48 0.28 -0.02 0.37 0.20
P 0.14 0.53 0.09 0.85 0.16 0.68 0.01 0.03 0.39 0.92 0.11 0.52
Moina density at stocking Rho -0.38 -0.08 0.02 0.02 -0.23 0.44 -0.14 -0.04 0.33 -0.17 0.11 0.30
P 0.02 0.75 0.94 0.91 0.35 0.15 0.41 0.87 0.30 0.30 0.66 0.34
Mean zooplankton Rho -0.14 0.24 -0.21 -0.04 0.04 -0.03 -0.11 0.24 -0.18 -0.13 0.38 -0.09
P 0.40 0.30 0.48 0.83 0.88 0.93 0.50 0.31 0.57 0.45 0.10 0.78
Zooplankton area > 1,355 ind./L Rho 0.00 0.18 -0.37 -0.11 -0.10 -0.46 -0.21 0.43 -0.45 -0.05 0.39 0.10
P 0.98 0.45 0.21 0.50 0.68 0.12 0.20 0.06 0.15 0.75 0.09 0.76
Zooplankton days Rho -0.03 0.22 -0.52 -0.03 -0.14 -0.49 -0.08 0.31 -0.37 -0.08 0.44 0.19
P 0.86 0.35 0.07 0.84 0.57 0.09 0.62 0.18 0.24 0.65 0.05 0.53
Mean Chironomid density Rho -0.12 0.25 0.38 -0.89 0.27 -.0.10 0.14 0.81
P 0.82 0.69 0.45 0.04 0.60 0.87 0.79 0.09
Chironomid area > 9,380 ind./m2 Rho -0.64 0.03 -0.19 -0.97 -0.25 -0.27 -0.15 0.85
P 0.17 0.96 0.72 0.01 0.63 0.66 0.78 0.07
Chironomid days > 9,380 ind./m2 Rho -0.32 0.09 -0.22 -0.96 -0.29 -0.23 -0.21 0.79
P 0.53 0.89 0.67 0.01 0.57 0.71 0.69 0.11
APPENDIX VI
Results of Pearson correlation analyses (Rho and P) between abundance indicators (mean (M), Area (A) and Days (D) of
chlorophyll a, zooplankton, chironomids and various water chemistry parameters
Parameter Indicator Statistics Chlorophyll a Rotifers Moina Daphnia Cladocerans
M A D M A D M A D M A D M A D
Stocking density (fish/m^2) Rho -0.16 -0.10 -0.04 0.08 0.19 0.20 -0.10 -0.02 -0.10 -0.01 0.04 0.11 -0.16 -0.04 -0.08
P 0.44 0.63 0.83 0.48 0.11 0.09 0.39 0.85 0.39 0.93 0.73 0.33 0.18 0.73 0.51
Fish biomass (g/m2) Rho 0.06 -0.12 -0.09 0.03 0.15 0.03 0.05 -0.03 0.03 -0.06 -0.03 -0.01 0.00 -0.03 0.06
P 0.80 0.57 0.69 0.79 0.22 0.79 0.71 0.82 0.78 0.65 0.78 0.96 1.00 0.78 0.64
Map (kg/ha/day) Rho 0.15 0.36 0.30 0.07 -0.13 -0.11 0.01 -0.08 0.02 -0.05 -0.03 -0.12 0.08 -0.04 0.06
P 0.45 0.07 0.13 0.54 0.28 0.34 0.93 0.51 0.88 0.65 0.82 0.30 0.52 0.74 0.63
Ammsul (kg/ha/day) Rho 0.15 0.36 0.30 0.11 -0.09 -0.07 0.03 -0.05 0.05 -0.06 -0.01 -0.11 0.09 -0.02 0.08
P 0.45 0.07 0.13 0.34 0.42 0.55 0.81 0.67 0.68 0.64 0.91 0.35 0.42 0.90 0.47
Mean temperature (oC) M Rho 0.05 -0.24 -0.11 -0.01 0.07 -0.02 0.23 0.21 0.13 -0.02 0.05 0.05 0.19 0.19 0.21
M P 0.79 0.23 0.58 0.91 0.57 0.88 0.05 0.08 0.28 0.88 0.68 0.67 0.09 0.11 0.07
Temperate between CL's D Rho -0.19 -0.05 -0.13 -0.05 0.04 0.05 0.16 0.25 0.20 -0.09 -0.08 -0.04 0.10 0.23 0.23
D P 0.33 0.81 0.50 0.64 0.72 0.66 0.16 0.03 0.08 0.45 0.51 0.75 0.40 0.05 0.04
Alkalinity mean (mg/L) M Rho 0.23 0.58 0.56 -0.24 -0.23 -0.18 0.05 0.06 0.11 -0.07 -0.14 -0.08 -0.03 -0.02 0.04
M P 0.26 0.00 0.00 0.04 0.05 0.12 0.65 0.64 0.35 0.56 0.24 0.51 0.82 0.85 0.74
Alkalinity days > 20mg/L D Rho -0.28 0.08 -0.02 -0.18 -0.11 -0.06 0.08 0.22 0.24 -0.04 -0.05 0.00 0.04 0.18 0.21
D P 0.16 0.68 0.92 0.12 0.34 0.58 0.49 0.06 0.03 0.72 0.66 0.99 0.73 0.13 0.07
DO mean (mg/L) M Rho -0.30 -0.30 -0.33 0.23 0.22 0.17 -0.14 -0.11 -0.15 -0.04 0.08 -0.08 -0.09 -0.08 -0.06
M P 0.13 0.13 0.09 0.05 0.06 0.14 0.24 0.34 0.20 0.76 0.52 0.52 0.43 0.51 0.64
DO days > 3mg/L D Rho -0.36 0.00 -0.12 -0.14 -0.02 0.03 -0.01 0.18 0.17 -0.02 -0.03 0.04 -0.04 0.14 0.16
D P 0.06 0.98 0.56 0.24 0.89 0.81 0.97 0.11 0.15 0.86 0.83 0.70 0.76 0.22 0.16
pH mean M Rho 0.07 -0.22 -0.21 0.20 0.23 0.22 -0.32 -0.27 -0.25 -0.26 -0.12 -0.17 -0.42 -0.28 -0.29
M P 0.72 0.26 0.30 0.08 0.05 0.06 0.01 0.02 0.03 0.03 0.31 0.15 0.00 0.01 0.01
pH days between CL's D Rho -0.14 0.15 0.06 -0.16 -0.09 -0.06 -0.17 -0.11 -0.08 0.12 0.04 0.16 -0.12 -0.10 -0.13
D P 0.47 0.44 0.77 0.18 0.43 0.62 0.14 0.34 0.50 0.29 0.71 0.17 0.29 0.38 0.27
TAN mean (mg/L) M Rho 0.04 0.47 0.38 0.02 -0.08 -0.08 -0.11 -0.07 -0.19 0.27 0.14 0.09 0.06 -0.01 -0.02
M P 0.84 0.01 0.05 0.87 0.51 0.49 0.34 0.55 0.11 0.02 0.23 0.43 0.64 0.94 0.83
TAN days < 0.78mg/L D Rho -0.19 -0.20 -0.21 -0.18 -0.06 -0.02 0.16 0.21 0.24 -0.23 -0.15 -0.07 0.00 0.15 0.17
D P 0.35 0.32 0.29 0.13 0.63 0.86 0.17 0.08 0.04 0.05 0.19 0.54 1.00 0.21 0.14
Parameter Indicator Statistics Chlorophyll a Rotifers Moina Daphnia Cladocerans
M A D M A D M A D M A D M A D
TIN mean (mg/L) M Rho -0.01 0.36 0.31 0.03 -0.10 -0.09 -0.18 -0.10 -0.22 0.27 0.17 0.06 0.09 0.06 0.03
M P 0.98 0.07 0.12 0.82 0.51 0.56 0.25 0.52 0.15 0.08 0.27 0.68 0.55 0.69 0.87
TIN days < 1.2mg/L D Rho -0.10 -0.09 -0.12 -0.05 -0.02 0.04 0.16 0.22 0.30 -0.27 -0.19 -0.17 -0.04 0.12 0.14
D P 0.63 0.64 0.55 0.73 0.90 0.81 0.31 0.15 0.05 0.08 0.21 0.28 0.80 0.45 0.35
Orthohosphate mean (mg/L) M Rho 0.32 0.29 0.32 0.17 0.17 0.21 -0.08 -0.16 -0.13 -0.10 -0.01 -0.10 -0.09 -0.14 -0.10
M P 0.11 0.15 0.11 0.14 0.14 0.06 0.49 0.16 0.28 0.39 0.91 0.41 0.46 0.22 0.42
Orthophosphate days < 1.7mg/l D Rho -0.31 -0.06 -0.16 -0.21 -0.13 -0.11 0.06 0.20 0.20 0.07 0.01 0.05 0.06 0.16 0.16
D P 0.12 0.76 0.42 0.07 0.25 0.33 0.61 0.08 0.08 0.54 0.91 0.68 0.58 0.16 0.16
UIA mean (mg/L) M Rho -0.11 -0.21 -0.19 0.20 0.25 0.24 -0.17 -0.09 -0.13 -0.20 -0.13 -0.19 -0.23 -0.10 -0.09
M P 0.58 0.30 0.34 0.09 0.03 0.03 0.15 0.44 0.27 0.09 0.26 0.10 0.05 0.40 0.45
UIA days < 0.03 mg/L D Rho 0.02 0.39 0.32 -0.25 -0.20 -0.16 0.13 0.15 0.17 0.15 0.07 0.14 0.15 0.12 0.14
D P 0.91 0.05 0.10 0.03 0.09 0.17 0.27 0.20 0.14 0.19 0.54 0.23 0.19 0.29 0.23
Chlorophyll a M Rho 0.26 0.08 0.07 0.26 0.06 0.16 -0.23 -0.06 -0.20 0.06 -0.09 0.04
M P 0.19 0.70 0.72 0.20 0.76 0.44 0.25 0.75 0.31 0.78 0.67 0.86
A Rho -0.01 -0.14 -0.19 0.09 0.12 0.19 0.30 0.39 0.25 0.19 0.00 0.24
A P 0.94 0.50 0.35 0.65 0.54 0.35 0.12 0.04 0.20 0.34 0.99 0.22
D Rho 0.02 -0.12 -0.12 0.10 0.08 0.17 0.20 0.29 0.16 0.12 -0.06 0.16
D P 0.92 0.56 0.55 0.62 0.68 0.40 0.31 0.14 0.43 0.54 0.78 0.42
Rotifers M Rho 0.09 -0.01 0.04 -0.21 -0.07 -0.14 0.08 -0.02 -0.04
M P 0.44 0.97 0.70 0.07 0.53 0.25 0.50 0.84 0.71
A Rho 0.03 0.04 0.07 -0.22 -0.08 -0.10 -0.05 0.00 -0.01
A P 0.81 0.72 0.58 0.06 0.48 0.38 0.69 0.97 0.90
D Rho 0.01 0.03 0.10 -0.25 -0.11 -0.14 -0.06 -0.02 -0.04
D P 0.90 0.80 0.38 0.03 0.37 0.25 0.62 0.87 0.75
Moina M Rho -0.22 -0.16 -0.18 0.87 0.76 0.75
M P 0.05 0.16 0.12  <.0001  <.0001 0.01
A Rho -0.15 -0.11 -0.13 0.65 0.93 0.89
A P 0.19 0.33 0.26  <.0001  <.0001 0.17
D Rho -0.19 -0.13 -0.14 0.61 0.66 0.85
D P 0.10 0.25 0.22  <.0001  <.0001 0.04
Parameter Indicator Statistics Chlorophyll a Rotifers Moina Daphnia Cladocerans
M A D M A D M A D M A D M A D
Daphnia M Rho 0.19 -0.06 -0.10
M P 0.10 0.61 0.40
A Rho 0.20 -0.06 -0.07
A P 0.09 0.59 0.55
D Rho 0.11 -0.10 -0.12
D P 0.36 0.38 0.30
Parameter Indicator Statistics Copepod nauplii Calanoids Cyclopoids Copepods Zooplankton Chironomids
M A D M A D M A D M A D M A D M A D
Stocking density (fish/m^2) Rho 0.17 0.19 0.20 -0.03 -0.21 0.00 -0.20 -0.16 -0.21 -0.20 -0.25 -0.30 0.15 0.28 0.16 -0.31 -0.56 -0.51
P 0.14 0.10 0.09 0.81 0.07 1.00 0.09 0.18 0.07 0.10 0.03 0.01 0.20 0.02 0.17 0.30 0.04 0.08
Fish biomass (g/m2) Rho -0.08 -0.09 -0.14 0.13 0.15 0.20 -0.06 -0.06 -0.10 0.05 0.00 0.09 0.00 0.05 0.02 -0.06 -0.02 -0.06
P 0.53 0.44 0.26 0.30 0.21 0.09 0.64 0.60 0.43 0.67 0.98 0.47 0.98 0.69 0.90 0.86 0.95 0.86
Map (kg/ha/day) Rho -0.12 -0.13 -0.17 -0.10 0.12 0.00 0.20 0.12 0.20 0.18 0.29 0.26 0.04 -0.11 -0.06 -0.21 -0.26 -0.26
P 0.29 0.26 0.15 0.40 0.30 0.97 0.08 0.29 0.08 0.13 0.01 0.02 0.76 0.36 0.63 0.50 0.42 0.41
Ammsul (kg/ha/day) Rho -0.10 -0.12 -0.13 -0.12 0.12 0.00 0.21 0.14 0.23 0.18 0.29 0.28 0.09 -0.07 0.00 -0.21 -0.26 -0.26
P 0.40 0.32 0.29 0.32 0.29 0.97 0.07 0.24 0.05 0.13 0.01 0.02 0.47 0.57 0.99 0.50 0.42 0.41
Mean temperature (oC) M Rho 0.34 0.12 0.13 -0.18 -0.12 -0.23 0.18 0.11 0.20 0.06 -0.01 -0.04 0.13 0.10 0.09 0.14 0.14 0.12
M P 0.00 0.32 0.28 0.12 0.31 0.05 0.12 0.36 0.09 0.62 0.92 0.73 0.28 0.42 0.47 0.64 0.64 0.70
Temperate between CL's D Rho 0.17 0.19 0.20 0.00 0.12 0.08 -0.09 -0.03 0.03 -0.10 0.00 0.04 0.00 -0.01 0.04 0.57 0.67 0.60
D P 0.16 0.10 0.08 0.99 0.29 0.50 0.46 0.82 0.83 0.37 0.99 0.73 0.98 0.96 0.71 0.04 0.01 0.03
Alkalinity mean (mg/L) M Rho -0.06 0.04 0.05 0.31 0.17 0.19 -0.12 -0.06 -0.15 0.02 0.04 0.01 -0.19 -0.15 -0.11 0.55 0.42 0.44
M P 0.64 0.71 0.67 0.01 0.14 0.10 0.33 0.60 0.21 0.86 0.73 0.94 0.11 0.20 0.33 0.05 0.15 0.13
Alkalinity days > 20mg/L D Rho -0.02 0.11 0.12 0.22 0.26 0.30 -0.09 0.02 0.02 0.00 0.09 0.13 -0.15 -0.09 0.00 0.67 0.71 0.68
D P 0.84 0.33 0.29 0.06 0.03 0.01 0.43 0.87 0.89 0.99 0.46 0.28 0.20 0.42 0.99 0.01 0.01 0.01
Parameter Indicator Statistics Copepod nauplii Calanoids Cyclopoids Copepods Zooplankton Chironomids
M A D M A D M A D M A D M A D M A D
DO mean (mg/L) M Rho -0.02 -0.04 -0.09 -0.23 -0.05 -0.11 0.26 0.26 0.35 0.15 0.20 0.20 0.20 0.22 0.25 0.11 0.15 0.17
M P 0.84 0.76 0.44 0.05 0.64 0.36 0.02 0.02 0.00 0.19 0.09 0.09 0.09 0.06 0.03 0.72 0.63 0.59
DO days > 3mg/L D Rho 0.02 0.14 0.14 0.15 0.20 0.25 -0.11 0.00 0.01 -0.04 0.04 0.07 -0.13 -0.06 0.03 0.69 0.75 0.72
D P 0.88 0.24 0.22 0.19 0.09 0.03 0.36 0.97 0.95 0.73 0.71 0.56 0.27 0.63 0.79 0.01 0.00 0.01
pH mean M Rho -0.30 -0.20 -0.25 -0.08 0.07 0.02 -0.13 -0.03 0.06 -0.18 -0.01 0.12 0.00 0.11 0.17 -0.34 -0.12 -0.13
M P 0.01 0.09 0.03 0.48 0.55 0.89 0.27 0.81 0.62 0.13 0.97 0.29 0.97 0.35 0.15 0.25 0.68 0.67
pH days between CL's D Rho -0.10 0.02 0.00 0.13 0.06 0.15 -0.20 -0.16 -0.24 -0.11 -0.11 -0.14 -0.23 -0.18 -0.12 0.34 0.40 0.34
D P 0.39 0.87 0.97 0.28 0.59 0.20 0.09 0.18 0.04 0.34 0.35 0.24 0.04 0.13 0.31 0.26 0.18 0.26
TAN mean (mg/L) M Rho 0.04 -0.03 -0.01 -0.15 -0.10 -0.14 0.02 -0.06 0.02 -0.02 -0.04 -0.10 -0.01 -0.14 -0.18 -0.28 -0.15 -0.24
M P 0.75 0.81 0.95 0.20 0.37 0.23 0.84 0.59 0.84 0.89 0.72 0.38 0.93 0.24 0.13 0.36 0.61 0.42
TAN days < 0.78mg/L D Rho 0.09 0.17 0.18 0.16 0.09 0.13 -0.10 -0.02 -0.03 -0.05 0.00 0.02 -0.10 -0.01 0.03 0.54 0.36 0.45
D P 0.44 0.14 0.12 0.17 0.42 0.26 0.41 0.87 0.80 0.70 0.99 0.88 0.41 0.90 0.77 0.06 0.22 0.12
TIN mean (mg/L) M Rho 0.02 -0.06 -0.05 -0.35 -0.13 -0.20 0.04 -0.01 0.03 -0.07 -0.02 -0.10 -0.02 -0.18 -0.24 -0.21 -0.23 -0.28
M P 0.91 0.71 0.74 0.02 0.39 0.19 0.81 0.95 0.85 0.63 0.92 0.50 0.89 0.24 0.12 0.49 0.46 0.35
TIN days < 1.2mg/L D Rho 0.06 0.17 0.21 0.20 0.23 0.26 0.03 0.14 0.19 0.07 0.18 0.28 -0.02 -0.04 0.11 0.50 0.42 0.49
D P 0.69 0.27 0.18 0.19 0.13 0.09 0.84 0.38 0.21 0.64 0.26 0.07 0.88 0.80 0.49 0.08 0.15 0.09
Orthophosphate mean (mg/L) M Rho -0.14 -0.09 -0.14 -0.10 0.12 -0.03 0.05 0.07 0.15 -0.01 0.21 0.21 0.10 0.11 0.13 -0.47 -0.33 -0.34
M P 0.22 0.43 0.23 0.41 0.30 0.77 0.69 0.58 0.20 0.96 0.07 0.08 0.37 0.35 0.25 0.11 0.28 0.25
Orthophos. days<1.7mg/l D Rho 0.10 0.18 0.19 0.15 0.09 0.19 -0.10 -0.05 -0.08 -0.03 -0.07 -0.04 -0.17 -0.15 -0.08 0.69 0.75 0.72
D P 0.40 0.12 0.10 0.21 0.45 0.10 0.39 0.69 0.51 0.81 0.54 0.75 0.15 0.20 0.47 0.01 0.00 0.01
UIA mean (mg/L) M Rho -0.12 -0.10 -0.11 -0.19 -0.04 -0.08 0.01 0.07 0.15 -0.09 0.05 0.09 0.11 0.19 0.20 -0.15 -0.06 0.04
M P 0.30 0.41 0.37 0.10 0.72 0.52 0.94 0.56 0.19 0.45 0.69 0.43 0.36 0.11 0.09 0.63 0.84 0.91
UIA days < 0.03 mg/L D Rho 0.15 0.22 0.23 0.22 0.04 0.13 -0.11 -0.12 -0.17 0.01 -0.08 -0.13 -0.14 -0.14 -0.11 0.41 0.34 0.31
D P 0.19 0.06 0.05 0.06 0.71 0.28 0.37 0.30 0.15 0.94 0.50 0.25 0.22 0.23 0.35 0.17 0.25 0.30
Chlorophyll a M Rho -0.25 -0.09 -0.10 -0.04 0.27 -0.01 -0.22 -0.23 -0.11 -0.26 -0.01 0.10 0.15 -0.01 -0.04 -0.35 -0.01 -0.07
M P 0.22 0.65 0.61 0.85 0.17 0.94 0.27 0.25 0.59 0.18 0.97 0.62 0.44 0.97 0.84 0.82 0.24
A Rho -0.13 -0.13 -0.15 0.30 0.43 0.17 -0.04 -0.12 -0.02 0.05 0.23 0.28 0.03 -0.16 -0.18 -0.28 0.09 -0.05
A P 0.52 0.53 0.45 0.13 0.02 0.40 0.86 0.57 0.93 0.81 0.25 0.16 0.90 0.43 0.37 0.87 0.36
D Rho -0.10 -0.07 -0.08 0.24 0.38 0.10 -0.06 -0.13 -0.01 -0.01 0.17 0.22 0.07 -0.12 -0.17 -0.40 -0.01 -0.15
D P 0.62 0.71 0.68 0.23 0.05 0.62 0.77 0.52 0.98 0.97 0.40 0.28 0.73 0.55 0.39 0.62 0.18
Parameter Indicator Statistics Copepod nauplii Calanoids Cyclopoids Copepods Zooplankton Chironomids
M A D M A D M A D M A D M A D M A D
Rotifers M Rho 0.04 -0.03 -0.01 -0.30 -0.01 -0.12 0.12 0.06 0.09 -0.04 0.06 0.04 0.85 0.74 0.68 -0.20 -0.03 -0.07
M P 0.71 0.80 0.90 0.01 0.91 0.30 0.32 0.64 0.47 0.76 0.63 0.71  <.0001 <.0001 <.0001 0.51 0.93 0.83
A Rho 0.10 0.02 0.01 -0.20 0.09 -0.02 0.04 -0.01 0.04 -0.08 0.02 0.04 0.74 0.85 0.79 0.03 0.15 0.12
A P 0.41 0.87 0.93 0.08 0.46 0.88 0.72 0.95 0.76 0.48 0.85 0.71 <.0001 <.0001 <.0001 0.91 0.62 0.70
D Rho 0.12 0.04 0.07 -0.19 0.05 0.00 0.08 0.05 0.07 -0.02 0.05 0.01 0.69 0.81 0.85 0.21 0.26 0.26
D P 0.30 0.72 0.58 0.10 0.68 0.99 0.50 0.66 0.53 0.89 0.69 0.90 <.0001 <.0001 <.0001 0.50 0.40 0.40
Moina M Rho 0.41 0.24 0.31 0.06 0.20 0.05 0.33 0.26 0.22 0.32 0.33 0.28 0.42 0.22 0.21 0.62 0.53 0.56
M P 0.00 0.04 0.01 0.58 0.09 0.70 0.00 0.02 0.05 0.00 0.02 0.44 0.00 0.06 0.07 0.02 0.06 0.05
A Rho 0.36 0.27 0.31 0.14 0.32 0.19 0.14 0.10 0.16 0.16 0.21 0.27 0.28 0.20 0.23 0.83 0.83 0.85
A P 0.00 0.02 0.01 0.23 0.00 0.11 0.23 0.39 0.18 0.07 0.02 0.97 0.02 0.08 0.04 0.00 0.00 0.00
D Rho 0.23 0.11 0.17 0.21 0.40 0.30 0.18 0.15 0.17 0.24 0.28 0.35 0.27 0.15 0.29 0.82 0.79 0.82
D P 0.05 0.35 0.15 0.07 0.00 0.01 0.12 0.21 0.14 0.01 0.00 0.70 0.02 0.19 0.01 0.00 0.00 0.00
Daphnia M Rho -0.08 -0.07 -0.09 0.04 -0.14 -0.01 0.00 -0.07 -0.08 0.06 -0.10 -0.11 -0.18 -0.18 -0.26 -0.16 0.05 -0.06
M P 0.48 0.55 0.46 0.72 0.23 0.93 0.99 0.56 0.49 0.63 0.40 0.36 0.12 0.12 0.03 0.60 0.87 0.84
A Rho -0.05 -0.06 -0.07 -0.03 -0.09 0.00 0.00 -0.04 -0.03 0.01 -0.07 -0.08 -0.05 -0.05 -0.11 -0.15 0.18 0.03
A P 0.66 0.64 0.58 0.82 0.44 0.97 0.99 0.71 0.80 0.92 0.56 0.52 0.65 0.65 0.37 0.63 0.55 0.92
D Rho -0.01 0.01 0.02 0.08 -0.10 0.04 -0.05 -0.09 -0.09 -0.01 -0.11 -0.12 -0.10 -0.05 -0.13 -0.20 0.12 -0.02
D P 0.93 0.91 0.88 0.50 0.38 0.71 0.64 0.43 0.45 0.94 0.33 0.31 0.40 0.66 0.27 0.52 0.70 0.94
Cladocerans M Rho 0.36 0.17 0.24 -0.02 0.09 -0.03 0.46 0.34 0.26 0.44 0.38 0.26 0.39 0.14 0.13 0.40 0.43 0.39
M P 0.00 0.14 0.04 0.85 0.44 0.81  <.0001 0.00 0.02 0.00 0.02 0.50 0.00 0.24 0.27 0.18 0.15 0.19
A Rho 0.37 0.30 0.35 0.03 0.22 0.09 0.16 0.10 0.13 0.15 0.18 0.21 0.26 0.19 0.18 0.73 0.68 0.68
A P 0.00 0.01 0.00 0.80 0.06 0.46 0.16 0.41 0.28 0.11 0.07 0.84 0.03 0.10 0.12 0.00 0.01 0.01
D Rho 0.23 0.11 0.15 0.15 0.35 0.21 0.19 0.13 0.19 0.23 0.27 0.31 0.20 0.09 0.16 0.79 0.74 0.77
D P 0.05 0.34 0.20 0.21 0.00 0.08 0.10 0.27 0.10 0.02 0.01 0.71 0.08 0.45 0.18 0.00 0.00 0.00
Copepod nauplii M Rho -0.16 -0.10 -0.17 0.47 0.38 0.43 0.33 0.24 0.14 0.47 0.35 0.38 0.40 0.19 0.20
M P 0.17 0.39 0.15 0.00 0.00 0.48 0.00 0.04 0.22 <.0001 0.00 0.00 0.17 0.54 0.52
A Rho -0.12 -0.10 -0.12 0.13 0.09 0.16 0.02 0.00 -0.01 0.28 0.29 0.28 0.23 0.01 0.03
A P 0.29 0.38 0.29 0.46 0.17 0.55 0.88 1.00 0.92 0.02 0.01 0.02 0.46 0.98 0.92
D Rho -0.11 -0.11 -0.10 0.20 0.17 0.25 0.09 0.05 0.02 0.34 0.31 0.32 0.25 0.02 0.05
D P 0.36 0.34 0.41 0.16 0.03 0.46 0.44 0.70 0.86 0.00 0.01 0.01 0.40 0.95 0.87
Parameter Indicator Statistics Copepod nauplii Calanoids Cyclopoids Copepods Zooplankton Chironomids
M A D M A D M A D M A D M A D M A D
Calanoid copepods M Rho -0.15 -0.05 -0.08 0.28 0.20 0.40 -0.21 -0.22 -0.19 0.63 0.47 0.51
M P 0.69 0.48 0.72 0.02 0.09 0.00 0.07 0.06 0.09 0.02 0.10 0.08
A Rho 0.04 0.16 0.23 0.29 0.53 0.79 0.03 -0.07 0.07 0.79 0.85 0.82
A P 0.18 0.05 0.23 0.01  <.0001  <.0001 0.82 0.56 0.54 0.00 0.00 0.00
D Rho -0.11 0.04 0.06 0.21 0.27 0.52 -0.10 -0.14 0.00 0.71 0.67 0.66
D P 0.74 0.63 0.93 0.07 0.02  <.0001 0.37 0.22 0.97 0.01 0.01 0.01
Cyclopoid copepods M Rho 0.89 0.80 0.52 0.40 0.16 0.28 0.50 0.31 0.36
M P  <.0001  <.0001  <.0001 0.00 0.18 0.01 0.08 0.30 0.22
A Rho 0.84 0.86 0.64 0.29 0.05 0.21 0.64 0.48 0.53
A P  <.0001  <.0001  <.0001 0.01 0.66 0.07 0.02 0.10 0.06
D Rho 0.65 0.71 0.70 0.31 0.06 0.26 0.79 0.68 0.72
D P  <.0001  <.0001  <.0001 0.01 0.63 0.02 0.00 0.01 0.01
Copepods (exc nauplii) M Rho 0.25 0.02 0.16 0.58 0.35 0.42
M P 0.03 0.84 0.18 0.04 0.23 0.16
A Rho 0.27 0.03 0.19 0.77 0.62 0.66
A P 0.02 0.81 0.10 0.00 0.02 0.01
D Rho 0.19 -0.05 0.15 0.90 0.89 0.89
D P 0.11 0.68 0.20 <.0001  <.0001  <.0001
Zooplankton M Rho 0.13 0.16 0.14
M P 0.67 0.60 0.65
A Rho 0.01 0.01 -0.01
A P 0.98 0.98 0.96
D Rho 0.34 0.30 0.30
D P 0.25 0.32 0.33

